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- FOREWORD

Th;s report is the account Qf a prDjECt a;med at anESt’

g’tlnq marketlng aspects and managarlal declslan maklng

\Hm

lﬁfarmatlén services of the kind th’t prDvlde on-

m‘
Hw

or
line searchlng of SSLEntlflE and technical biblleraPhiC
information. These serv1c§s 'will hencefor th be called

information search serv1ces, or ISS"s. & . -

The PrDjECt has baen suppartéa by the Swedlsh FDuncll
for 521ént;f;: Infarmatlon and Dgcumentatign (SINFDDR)

—

this repart .are given in paf&ﬁthéSEa): : ~
Q .
(DMISS) Lindqulst' M. G., "Dynamic- Mgdellng of
Information Search Services - A Simple
' Resource Allocation Model"”, WP 862-76,
Sloan School of ‘Management, M.I.T., Cam-
bridge, Mass., June 1976. Also available
as report 732063, The Swedish Council for
_Scientific Intglmatlan and Dmcumentatlgn
Stockhalm, 1976. :
,i5DISS) Lindquist, M. G., "Growth Dynamics of In~-
+ - formation Search Services", report TRITA-
'LIB-6009, The Royal Institute of Techno-
logy Library, Stockholm, November 1976.
(Abridged version to appear in JASIS).

(ECS1SS) Lindquist, M. G., "An Explanation of the

‘ - Coming Stagnation of Information Search
SerV1ces" *On=line Review, v. 1, n. 2,
(June 1977), pp T09-116.

In additien, an overview of the.project has bees pre-
.Sented at the 1975 annual meeting of the Amecrican Soci-
\ ety for Inféfmatlan Science, ASIS:

Lindquist, M. G. ,"Djnam;c Madellng of
"¢ Information SELVlCES - Project. Overview",
Préc. ASIS, v. 12, pp. 43-44,




Thé present repg rt consists Df four chaptérs.

. Chapter one," Descript;aﬂ of. the.Research Prgject,
gives the background for the study-and a discusge
ion about’ the@;étical foundations and methodolc

. The main results’ are presented, and qeneral con:
-clus;qns fram the study are drawn.

1 -

f; o Chapter two, Growth Bynam;cs of Information Search
A Services, is a rev1sed ver51én of GDISS, pp. 1-32."

i

fcha'ter three, TSSZ M@del Descrlpt;@n - A Thécry

~of ISS Growth, is a rewritten model descriptiﬂn
that builds on the dascrlptlgn in. GDISS (pp.35-62).

Chapter jpgr, ‘An Explanatlan of the CDmlng Stagna-

' © -tion of Information Search Services, is the paper'
' ECSISS, reprinted by perm1551én.: L

'

' Many people have helped me in many ways to bring 'this
study to a conclusion. ‘It is my éléasure to thank

them. .

My first’thanks go to thé’Swedigh.Counéil for Scienti~
fi& Information and Documentation, SINFDOK, and the
people théfé who have sﬁp?crtéd my work and made fund-
. ing passiblgg ' o J . : LT
" While .at the Sloan Schacl of Maﬁagemént of the'Massas
chusetts Instltute of Teahn@lggy my 1n1tlal m@dellng
efforts wegre gulded by pr@fess@r Edward B. Rabertsi Hls

help and ancauragement are apprECLated
7

7 for_me thé‘TSystem Dynamlcs Friday Morning Group was
a ﬁnique soﬁrce'cf inspiration and support.. The c@m§e= .
tént Lfltlilsm and the continous éncguragement from the )
' group have been 1nvaluable, and any expr2551oﬁ of l
_thanks will be inadequate. I can only acklawledQE'my!
debt”ﬁowpavid Anderégn,_M;ka_Garet,'Ali MaShéyékhiL

i

and George Richardson. :

o)




‘I have receivéd much ccope}étian‘*nd help from the ‘staff
of existing ISS”s which have been valuable for the méael
formulation. I want to thank. Roland Hjerppe of the' RITL-

IDC (Stockholm) and Mary Pensyl of- NASI&/MIT especial}y
In stéckhclm professor Bérje Langefa:s has been my : )
‘thesis advisor. His persistence in not 1E§E1ng me get
.hgakith half- -thought ideas' has 1mprcved my disse:taticn
vgwy signlficantly-_I appreciate this guidance.

' | o '

Since I started the write -up cf the pra]egt I have bene—
fitted from my 1ntéraétiéns with the BRIP—group, later
to form the- Paralgg AB company. I want to thank Mats
-Lofstrém, Christer Bryntessan, and R@lf Lar EGQ Their
general support and 'D3 bestémmer vi det's. have not

been w;thaut effect. L \
u . o - . \

help and quallty work . with the pr3§aratian of the manu-

iscrlpt

Stockholm 1978~02-27"
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- o+ INFORMATION SEARCH SERVICES .

- Indroduction and Background

L

The growth in thé'vcfum§ of scientifie énd technical

information has followed an exponential path JiﬂCF ‘the

middle of the Qiqhtﬂéﬁth century and hhs now rearheﬂ

a level Sf over 100 000 published journals. The need

for efficient procedures for searching and accessing

the bady of recorded knowledge has increased acgordtﬂgly!

and resulted in a number of .changes in these procedures.

x ' : 7 . .

The traditional depositories for iiterature are 1lib-

raries and the traditional access té@lsvare the

llbrary catalogs. As long .as the volume of the 1ite-

, eggture in a particular scientific ficld was small

v , it was paggfblp for a SPEEiaI library to have a com-
prehensive collection and a search in the local cata-
loge could give satisfactory answers to "what and
where" questions about séigntific information. The.

' fifst attempts to cope with the gréwth of infarﬁgtimn
‘volume therefore, naturally, -involved changes in the
cataloging procedures. As early as the middle ages

' E ‘catalogipng proecedures began to change towards control

tual documents, whereas before that, the pri-

of the ac
mary goal was to pfcvideicontfs1 of their content
+ (Battacharyvya, 197&) - a change that seems to be a

t
resg@nsa'ta an increase in volume. Later, when it
2came iLmpossible for one llbfafy to acgu ;L“ all the
slevant literature in a field, coodper atlzﬁ ﬁquﬁTDﬂtaf

between libraries were developed and union catalogs

; Jra

provided the answers to "what and where™ question
Libfary cooperation was, howgver, not sufficient to
ope whlth the growing volume of lltpzaturn and
patrons of the’ cooperatives could n@t gqot exhaustive
answefs to their "what and whcr'" questions. One part.

of the problem is that library collections insgeneral
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are growing slower that the literature: a typical
doubling time .for Jlibrary lele;t}gns {n close to 20
years (Baumol & Marcus, 1973) whereas that for the

.Sﬁjﬁﬁtifif }iterature 1a 15..The other part is due
to structural changes in the sclentific literature,

. From earliest days to the present there has been a
trend towards more apecialtzation which has bheen
reflected in a more detailed guhvglivln'lﬂn of the 1ite-
rature, The consequence for the libraries has been
that two libraries whith a slightly diff:}an sub jeoct
orientation can end up having substantially different”
collectiond whith increased di fficulties for the
patrons _to lIpcate the Titerature of ileurci:zt‘iﬁm t he
same time \) thf'!jf‘ in a troend towards more specializa=,
tion there ins also a trend towards Immterdinsciplinarity
(Rozasa, 1973) which further redunces the chances of any
one library being able ta gtve «'-xvh'.—*m:;tivn answoers to
Mwhat and where” questions,

The problem of 1(’)f'jii(“‘f:1 Aceess to the Titeratdre way o
furthor enhanced by the Increasod ilnpnrt.ll;xxn‘«‘ af the ‘
journal article as the vehicle for disseminating
neiontitic erc_.awi('f,l<xg,* singee the t!?;.nH‘t ional library

: | ,

catalogs do not go deeper than to the level of jourgal

volupe:s. Sccondary jonrnals, ol abatract journalsg,.

i

woere published in response to this neced . These journals

" were published by learned socioties or proftessional

associations and contained abstracts and source in-
formation about articles in the primary journals
of interest., They began to appear around 1HAD and
their number has been growing cxponentially, ot the
Uhae

same rate as the number of primary journals, since

lattetr part of the nineteonth ceontury . (sec Ulaure 1) .

ERIC - S
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of content ranging from keywords to abstracts. The
;prutrﬁ provided by these "Information séarch gervitesg",
5, s to prﬁvidﬁ a list of literature referenceq,

I{lﬂ H I

anmotimaes with an abqfrnr% of qummary, in reEpDnse LD

a query from a uBer.

“In Lhe ldeal naﬁb ﬂﬁ;TSS”prﬁVidﬂS access to "the
Jworlds g sctﬂnﬁlftélaﬁd technical LitefaEUfé but in
reality the pnw;‘%a(;f\ of Hw liitératuré is 'ér’;ﬂstruxined '
in many ways. Oftég an IS8 {ﬁlﬁét yp with a particular
market in ' mind, ﬁiéhﬁr ﬁﬁ lhé'bagis of 5ubjegt SPEciaf

B

lization or organfzatiohal constraints.

*

b

From about ™60 to the ﬁﬁr!y.]??@*n the main functian

of the 15575 was to provide ailceurrent awareness" ser-

R

vico, also called Selective Hiksemination of Tnfa:mae

tion (SDI0), primarily based,on printed st—}{:\ii‘ﬁdﬂry _]DUI-*

nala, The users of thoso ‘;\rvntua -UbLGIihf‘d tm gsoar-

ches by submitting an interest profile whjch wag mat-

ched against the periodically issucd-data ‘base. The
g{g!"ﬁ-t:.%lr‘f“ilt ing lint ot retferences was then mailed to the -
el . The relat ive suceess of the ’SI)._[?Sf;rvj_c'r‘%, to-

o

qetTier with the tact that machine-readable information

bhases were acoumulating, mot Lb%il «d attempts _tfj‘jan)—
vide retrospect jve search o se xm.medi For the U,:—’Si"f‘f&;_:
this leant that a new interest. or search profila

could bheomat ched .xf;.xi [1;21 “the ilf?(?Ll[ﬂLleélLi?il data bhase

and not oonly aqainst fortheoming additions. Thé main

probelm was to tind cconomical ly fcmsiblv\?ays‘of

# processing theovo Juminous information, Deeteasing

Gt for-intormation storage and for telecommuni-

cations made 10 possilile to experiment and develop -

svatems for these rotrospective scarch scrvices. To-

day the principal effort in the documentation ficld

i to develop tfurther the retrospective search capa-’

/ ~ ‘ l

/
i

Q ! ; . i§£ | g
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~Organizational Settings

communication eq

ui
rapidly declining it is still high.

" The cost structure is characterized by high fixed cost

< and low variable cost. The former is due to the advan-
ced technology required and the size of the databases;
typically more than half the total computer charges
is for data base maintenance and storage (Larsson ol

al.,, 1976). The low variable cost is due to the in-

trinsic efficiency of modern computing and commumi-

cation equipment (comparved to the informat . on pro-

cassing capabilitics of humans) . With his cost struc-

O

LRI . 1
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ture it is natural that "utilization", or "business

volume", is central to any study of ISS7s.

“The utilization of I8S87s is growing but is still not

high enough considering the high costs. There 1is a

. gubstantial reliance on subsidies of various kinds.

The typical ISS is part of a larger organization,
e.qg. a library, and receives revenue through the bud-

geting process of that organization.

s

Thé econom mics of information search services has con-:

tributed to the develo pment of a market structure

which consists of relatively few service suppliers,

U‘.!

or wholesaler
retdilers, (Gardne et al., 1974). The "users" of an

, and a larger number of I857s, or

185 are the end-users of the information, e.g. an
individual scientist or anlﬂééf. In some cases, how-

v, the service supplier "sells" his service to an

i

Ve

o

srganization as a whole for in- ~house use. We can de-
sign two ideal models for the delivery of information
search services: the "public" service and the "in-

house" service. To clarify the organizatior .l setting

for the typical ISS it can be useful to discuss the

1if forences between the two ideal models. It should

[P

be noted that ‘it is not the information. search ser-

vice per se but the organizational context which de-

termines which is the appropriate model for studying

the utilization of the system.

For an in-houde serviece the number of users is more

or less fixed and the growth criterion is the number

of queries (or accesses to the sys stem) . The primary

parformance constraint is not strictly economic since

the decision to acquire the right to access has beon

made and there is not hope of passing the costs to

—,
o

¥
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other accounts. There is, however, an implicit cost
consideration in the assessment of the utility gain

‘ from the system,

FOor a public service, i.e. the ISS”s that are the
object of this study, the growth criterion is the
number of users since this is the prime determinant

of the volume of business. There is usually an eco-

- "PUBLIC" ~ s "IN HOUSE"

SERVICE
SUPPLIER

SERVICE o
'SUPPLIER Jcom

@

1SS
Info- search
Sérvice

uuuuuuuuUUUUu
- Individual users Orgavuzalional users

Growth criterioan

Grawth criterion

Portorminee Por o

sl ralnt

AR U R R

Fiqure, 2 .
Organizational settirgs for I857g
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nomic performance constraint (Schwarz, 1976 and

Gardner et al., 1974), which can be explained by

the fact that the users- normallyJaIE frome outside

the’ department retailing the service, even though

they typically belong to the same sperordinate organi-
#

zation. -

The two models are illustrated in Figure 2.

To illustrate the structure of an information search
service we can relate its functions, in terms of
"machines", to the overall activity of user access

to the scientific literature (Figure 3).

USERS — — "
(PATRONS) f o —

— WORLD'S
LITERATURE

VSTAFF SEARCHING * pro
MACHINES - gfgé

| O ‘4. ss
. COMMUNICATION
’ | MACHINES
ABSTRACTING
MACHINES

Figure 3

]

The structure of an 15

lh' (9
c.




‘The function of the library machines is to locate a

specific document and make 1t available to the user.

The functlan of the abstractlng ‘machines is to creaté

a machlne =readable des:rlptlon of documents, ‘inclu-
ding .a descrlptlan of the content, For the purposes
of this study we assume that' the opera+ian of these
two types of machlnes is done by Qrganizat;gns other

than 1nf@fmat10ﬁ search 'services.,

! .

"The function of an ISS is to respcnd to a query, or

search request, from a user by perf@fmlng a compu-
terized search in the information base to locate
literature references of relevance to that request.
The languagé used’by the abstracting machines ié
different from that;@f the typical user and Ehé first
task for the ISS staff is to t}énslate the user~s
search request into the appropriate query language.
This process can be described as finding the appro-
pri ate key-words OT search terms, Iﬁ an on-line envi-
ronment this process is usually done in staéés, 50
that intermediate search results are, at least parti-
ally, displayed ‘and evaluated and on basis of this
evaluation the Seéfch statement is miodified. Tt is,
however, important to have the user be specific about
his search request, "and typically he is asked to sub-
mit his request in writing. These written search re-
guests are analogous to orders in a manufacturing
firm, and they are subject to two primary schedullng
delays. the subject specialty of the request is mat-
ched with the subject competency ‘of the ISS staff and
with the coverage of the available data base. The

latter matching introduces a delay since, because of

‘storage limitations on part of the inf@rmatian supp-

lier, it is common to make only part of the botal

P
=~
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-ipformation base available at any one time. System

_-down-time addsxtazthis delay.

In'all on-line' information search services the delays

due to scheduiing and distribution exceed the actual

search time at the computer terminal by several orders

of magnitude. -

The actual role of the ISS’staff’va:ies: in some cases
the staff carries out the seafcheé, either with the
user present or élane, and in other the user does the
‘actual searching with the staff member coaching. Iﬁ
either case the output of the ISS 1; dependent on the

staff resources Aavailable. {

i
L.



f1, THEORETICAL FOUNDATIONS AND METHODOLOGY

2

Underlying theories

A study of information search services and their growth
must, like any Dther'study that involves customers and
their interactions with the service or. business, rest
on theories of customer behaviour. In the following a
discussion will be given that éxplares the twe. factors
that attract users to the service and.how the users

respond to a decllne in the quallty of the service.

To describe the factors that attract users to the ser-
vice the needed theory is one of the determinants of'i
~sales. Price and quality are the two most commonly
‘studled determinants but in dynam;c analyses delivery
delay is then studied expllc;tlyg It is PDSSlblE to
“include dellvery delay in either price (by introducing
out-of-stock cost) or quality (by having "speed" or
"availability" as a dimgnsion of quality) but some-

times this is not desiiablei'

The problems relating to pricing of information and
d@cuméﬁtatian services have received some dttention in
the literature and in policy making b@diés_ There 1is,
however, evidéﬁ:e that price is not a primary deter-

minant of sales.

iﬁba Swedish study of price as a policy tool for teéhE
nical information and documentation services (Gustafg-
son, 1976) it was found that price is likely to be of

secondary importance provided. the serv1ce is seen as

useful by the consumers.

There has been little direct experimentation with price
changes but indirect evidence can be found in analyses

of the effects of changes in price for SDI-services.
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Hjetppe (1977) reports that when the price of the fDC

service was ralsed 50% Subscrlptians dropped only 8%

which indicates a low pr;ce elasticity. The same con-

clusian can be draWn from Zais' (1976) thesis, where

an example is cited (p 91): fgr the Dow Current Aware-

- ness Service thévprice elasticity of demand was found

to be 0.19. The Elastlcity measure used was the per-
centage change in quantity resulting from a 1 percent

change in price.

- For Qn—liné services there is no evidence to indicate

that pr;ce shauld bé- a crucial factpr (Tomberg 1977 b);

_when the American ca:pg:at;@ns Systems Development

Corporation (SDC) and Lockheed Informations Systems

(Q}S) could make théifTSEfViEES readily available in

‘Europe they experlencedaep increased demand even though
they introduced a significantly hlgher price. '

A further illuminaticn of the influence from price on
buying can be obtained by looking in more detail on the
findings from a Wharton School study (Wind et al., 1976) .
This study was conducted to assess the relative im-
portance of various characteristics for systems pro-
viding informations search services, as pegceived by
274 scientists, information specialists and managers.
The implicit decision situation for the persons inter-
viewed was acquisition of service, which is not equiva-
lent té’the decision to use the service but the study
can give some dgeneral indicatian of the importance of
price. ,

One of the results from the study was: "Price is the
most important determinant of the purchase of an STIL
system. Yet, the major disutility is associated with
the very high pfiée level.AThe move from the cheapest

level to the medium-low level (for example, from $ 30
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to $§ 50 pér inquiry) is aSSDClatEd with a disutility
b @f 1.54, wh;ch can be ea51ly compensated for by a

" number of actors - such as changes in the perlcd

S :'? ceverage, méde of dlgtributlcn,,and the fike
.
In other words, pflCE is impcrtant since it can Sﬂar%f%a

users away, However, within the given market p:lce

is not a dDmlnant determinant of sales. A further
analysis of the IESPDHSES shmws that only 31% Df the |
study Papulatlon had price- as the most important factor,
and the 1argest "utility segment", which wag 48% of

the population, gave price ‘a relative importance of .

‘-only 8.9%. o

J
The operational ISSs we are stud;;ng here are in the
high price region, ‘and- the options open to the 188

managemtent are very limited when it comes t@ pricing -

-

(see discussion in Chapter two). Based on these con-
. siderations prlce is not considered a primary deter—

minant of sales in the present stady

The SDC and LIS experience of the introduction in
Europe seem to indicate that quality might be a more
important determinant of sales. The same is 1mplled
. in a number of reports and papers; Wish and Wish (1975),
referring to information service centers, is an example:
"I marketing a service, the job is essentially, that of mak-

ing the clients aware of their needs, if they aren”t already,
- and, most important, being ready to take care of those reeds

with quality performance". (p. 3)
Quality, however, .is not a wellldefined property and a
' decomp@éition is necessary before its influence on sales |
can be anélysed. The dimensions for quality can be in-
ferred from Hjerppe and Lindquist (1971), whlch has been
the basis for the more detailed illustration qlVén in

chapter two (p 71 ff). Some components of quality depend
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on the machinery used, i e search systems, data bases,
and telecommunications equipment, while others depend
.on- how the service is delivered locally, i.e how the

staff interacts with the users. N

=

For the present study it is»imPértant to distinguish
between compornents of quality that can be assumed .
ésnstaﬂt and those thHat are variable, since they re-
quire aiffé:ent representations: the effect of a con-
stant quality cahpeaent can be acccunteégior by some
kind of parameter whereas the effect of a varying
quality gamp@nEﬁt must be represented in a more complex

way .

As discussed in chapter two (p, 84) the ISS managers

have limited possibilities to affect the quality of the
service as far content of data béses and form of out-
{se of the retailing character of ISSs. For

put goes beca
the establjs
affect thes

ed services the system changes that would

quality components are relatively slow.

The contribution to quality provided;by the staff in
its interaction with the customers is important,

from an ISS (Benenfeld, 1974 and Persson & Héglund}
l975).*§ince the amount of assistance that can be given
iSSZ§§£%dent on the staff time available this quality
compehent can vary considerably. If staff turnover were
high it would perhaps be necessary to take the effect

of staff training into account, but this is not the case

for the typical ISSj;
kﬁl

Staff time available so determines the response time

\2

of the service, which is an important component of
quaiity (Llewellen & Kaminecki, 1975; Wanqéf et al.,

1976, p A-6). The response time is also a direct func-
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tion of the "load" on the;system, 1 e the number oﬁ
users and their demand. Consequently it can also vary

considerably.

The Qonciusian from théxdiscussigﬁ of quality\as a
determinant of sales is that it is not possible to
represent the influence of quality in a simple way,
" since quality is not easily ﬁeasurable but depends on .

factors that are Interreflated.

When discussing the determinants of saiﬁs the implicit
assumption is that thévanly decisi@n the customer makes
is whether or not to bhuy the product or service, alter- :
natively to remain a user or to leave the service. K\

Hirshman (1970) in his analysis of responses to decline

in firms, organizations, and states considers this a
characteristic viewpoint of economists:

"The custamer who, dissatisfied with the product of one firm,
shifts to that, of another, uses the market to defend his wel-
fare or to improye his position; and he also sets in motion
‘market forces which may induce recovery on the part of the
firm that has declined in comparative performance. This is
the sort of mechanism econamics thrives on. It is neat - one
either exits or one does not; it is impersonal - any face-
to-face confrontation between custamer and firm with its im-
ponderable and unpredictable elements is avoided and success
and failure of the organization are cammmicated to it by a
set of statistics; and it is indirect - any recovery on the
part of the declining firm cames by courtesy of the Invisible
Hand, as an unintended by-product of the custamer”s decision
to shift". (pp. 15-16) ~——

The opposite of this "exit option", as Hirshman calls ;)
— \

it, is the "voice option" which has been studied

primarily by political scientists and sociologists,/
mostly within frameworks which do not include ecoromic

considerations.’

The two options are defined as follows:

T
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1) "Same custamers stop buying the firm™s products or same
members leave the organjzation: this is the exit option.
As a result revenues drop, membership declines, and mar
gement is impelled to search for ways and means to
whatever faults have led to exit.

2) The firm™s custamers or the organization”™s members
their dissatisfadtion directly to management or to
éthéf authcrity tD which manaqEﬂEﬂt is qubﬂrdinate

Msten: this is the Vche DPtLDﬂ As a ﬁesult HDﬂaqéHEﬂL

once again engages in a search for the causes and pDJlelt
cures of customers” and members” dissatisfaction” (p. 4

Hirdhman argues that in many cases both options arc

available to, and exercised by, customers of commercial

firms or services.

- Considering that ISSs do not operate in a market ecco-
nomy and that they show resemblances with membership-
type organizations (e g a particular university communi-
ty) - both'factnrs which encourage voice - wésﬁdapt
Hirshman's theory as one basis for describing user be-
haviour. Specific features of the organizational
setting of ISSs which suppart this theoretical view-
point are: 1) The monopoly~-like character ot an IS55.°
There are usually no real competityrs - it is sometimes
said that th(‘ worst competitor is "no-use". 2) A partial
membership C‘lh’nd& teristic of thelgbHnsumer market.. Ak wasn
pointed out earlier an IS8S typically belonys to a larqger
organization, and the useds of the service have sone
kind of affiliation to thal organization. 3 Ixistence
of voice channelys, Firstly the interaction between 158
and user is personal which makes it ecasy to use voice,
and se fnndly 580 6[fvn try to solicit evaluative teed-

back from their userg on Lluo:‘f;t fonmnmaires or in some

"other formalized wav.

ERIC * '~ CL

Aruitoxt provided by Eic:



Empirical basis for the htudy

We have foungd that for a sﬂudy of IS8s there is a need

for “information about effects that aro not casily

measurable. Tn particular quality is difficult to measure

and Tust be analysed in a more complex way.
The information sources available do not, however, give'
much information directly raited for such a cfarnpiex
study. The difticultics cncountered when trying to uti-
Lize published statistics from operatiomal 188 are
shown 1o the tollowing . scussion,
operational 1885 are relativel Yy new. Although on-1ine
tetriceval systems have boon establ tshed since about
1968 a system bevel g)}xincxil t Corporation study (Wanger ot
al, 1976) shows that exishinﬁ_infnrmdtinn 50 C 6
(1555) on the average have beon in operation only a
couple of ytulxjg. so the intormation base for a study
of I8ss i tairly small, o problem which iy worsenod
by the Tack of measurcment standards and cstabl ished -
o . ) ' :
o definitions, In oparticular such Kevo o variables as ™asers”
’ and "queries” can mean o number of things. This {o
indivectly o consequence ot the market structure dfg-
cussed carlier: the data base producers fmpose difterent
condi tions for the availabil ity of theiv data hase,
é primarily di{(wrwnt rovalty structures, and the service
supplbicrs pass on these diftorences to the 188, Aiming
y

At costerelated pricing ll\e_; Ths are torood to keop

separateaceount s, which in some cases will load to oa

Haierr T8 sieaaroch Feguest boedng couanted s Severral querios,

f

Unless o detailed Tog is kept he could then also b

counted g more than one "uaer" . 00 several usiers sintoer-
actowith the 155 throudh one representat {ve, it et
Ol ot soracticality or hilhing necensi Uy they red,

seldom connted separately. To oan ooaxtent, s then, he.

ERIC R

Aruitoxt provided by Eic:
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Aruitoxt provided by Eic:

“These information sources also ¢

e . . e , , o
difficulties invoelved™in analyzing available numerical
information stems from the fact it is collected prima-

fily for the DQDkkGQ?iﬁG functions of an ISS and not

hescriptive, qmalithtLVEi information about ISSs is

available from Y numbel of sources: annual reports and

uthér‘%@@r t;nndl dtqtvmént conference prc s,
Pt
aﬂd jnulnat uﬁiLLle Often this information consists

ot duh]g;twi ace experiences from ISS opera-

tions. Study viagl and correspondence are other sour-
v -;'v. =

.

cos of this kind of intormation.

ontain some quantita-
tive information about the IS8 operations and perfor=

mance, but the definition of variables and their measure-
ment vary from case to case. Problems such as these are

charac-

not unique to studies

-

tur}fﬁﬁ the data of social science as extremely complex
and they "involve values that sometimes }JLlli’ 4 strain on
the objectivity of the inv’of':t:i'c,]at,i()il" (p- E‘{)ﬁ) ; antd
Raplan (1968) fotes that often measurements are made

for ﬂ(hGT'LUJHUHH than scientitic ingquiry. The present

study i an example of this as discussed above.

gkl of we 11 detined numerical information does not
however, nvuﬁ that o scientitic inquiry is impossible.
Glaner upu Strauss (1968) tor example, advucates an

approach to theory building t lcilt is based: cg;l Lil; scrip-

tive information rather than conventional "data

,_‘—\
W

&

collection. ; i

Taking the adveocacy ob Glaser and strauss as a star-
ting point, we can explove turther the possibilities

of constructing o theory about 1888 diven the relatively
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Z;ﬁru:tured-:hgraeter of the empirical evidence avail-

"abie. In the following we will let "daté" denote in-

farmatian that ‘has been Q@ded~acccrdiﬂq to some well-
defined scheme: usually Buch a scheme is based on a

:nymerical scale but classificatory schemes are some-
‘times used. We begin by discussing scientific theories
in general and then look at the relationship between

theory and data availabilityg

We adopt Ercﬂbe:k s (1968) definition of a thESry as a

deductively gcnnected set of empirical generalizations:
it 1s possible to refute. theories and they are thus
hypéthetical' Theories are constructed, and the way
this is done is in essence thé content of the works
by Popper (1968), Kuhn (1962); and Blalock (1969).

'Kuhn takes a political macro perspective on the process,

Popper a philosophical, and Blalock a practical. A

. theory can be assessed according to several criteria:

robustness, generality, replicability, precision, use-
fulﬁéss, and others. Popper discusaes the properties of
a g@@d scientific theory, and sums up the discussion

Q(pg 37): "the criterion of the scientific status of a
theory is its falsifiability, or refutability, or

testability". This gives some implications for the
:élati@nship between theory and problems (to be sub-
ject to Séiéﬁtific inquiry): if a theory is made too
general it will almost always be true - such a grand
theory escapes falsification but at the price.af des-
troyed testability (and also their éxplanatcfy‘puw&r
is small). Merton”s (1957) and Zetterberg”s (1965)
advocacy for ﬁthearies of the middle range" can be
seen‘in this context, even though part of their con-
cern reléﬁe to data collection. Stouffer (1962) brings
in another constraint, that of limited resources avail-

able for the inquiry. This in turn relateg to the
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recognition of the subjécti#ity of theory construction:

it is a creative act b§ pecple. And since theories are
some - form of qeneralizatians of (a perceived) reality

- the EGZjectivity of observations fcllcws‘ :

Weber (1968) states that an ébjéatiVe analysis of  cul-
tural events is an impassibility, and that all know-
ledge of cultural reality 1s alwaya,“knowledge from
'particular points Gf view“'(P_ 92).

Thus we éée things (observations) but what we see is a
function of our point of view (like a theory), and we -
might pursue the question of which comes first. Popper's
reply is that the observation comes before the hypc%
thesis but is preceeded by an earlier kind of hypo-
thesis (p. 47). - | |

Glaser and Straués (1968) see the E@nnecticn»between
>theary\ahd data as nat’alwayg dESLrébLe: "theory Easei
on data can usually nét be ccmpletely\refutea‘Ey more
data or replaced by another theory... it isidéséined

to last despite its inevitable modifications and re~

formulations". (p. 4). : ' . .

: én@ther problem. that has'a’bearing éﬁ the relationship
between theory and data is described by Kaplan (1968)
~as a "choice between mapping his data into a simple -
order éna asking his data whether they satisfy a sim-
ple order™ (cf. multidimensional scaling). Popper
(1962, p. 46) ldoks at thexsame pHEﬂ@mencn from a gene-
ral viewpoint and states that we try to discover simi-
larities in the world ané to "interpret it in terms of

laws invented by us". This view is also essentially

what’ Kuhn characterizes as the way '"'normal science"

work.

23



. . . - | - o o3
) - s . . - . : a
Taking these different aspects of the interrelétianshipd 3
between theory and data into cgnsiaeraﬁi@nxwe can con-
v‘clude that it is passiblé to construct a sclentific ,
theory even though there is not much well defined nu= -

merical inférmatién available.

Thé‘impactfgf data availabiiity on theory construction
can be summarized: % S
- A hdatasb@und“ pﬁilasaphy of theory construction,
will limit the options for theory building, but
" the resulting theorles can, if the variables are .
selected properly, have higher qsefulness since

optimizations are possible.

- A data-free approach has the advantage that by ignor-
ing the problem of data availability it can address‘

relevant . prcblems in explanatary thecrles.

Another difference between the two appréaches is what
fprccedurés‘thére are for increasing confidence in the
theories. For a theory that is constructed from data
the normal prgégaaré is to apply étatist;calxgrécédures;

and to secure adequate and proper data, i.e. choose an

experimental design that controls external -factors ;
(Campbell and Stanley, 1966). It should bé palnted @uL }
that the statistical (prcbabillstlc) model of un- '
certainty is not the only possibility: Schweppe (1973)
'Etesents a model in terms of "unknown but bounded" vari-
:ablesf and the theory of "fuzzy sets" is anothér. These
other mﬁtﬁcds have, héweve:,'ﬁat-yet the same developed
apparatus for hypothesis testing but deserVE mention
55»pessibilitiesg

For data-free theories the established statistical pro-
cedures cannot be used to increase confidence, which'is a
drawback when it comes to "marketing" the theory. How-

ever, the more important aspect of refutability of
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the theary still remains, since the theory cauld be
‘shown to be false by further ébservaticns. '

-
.

Given these canside:atians regarding the available Em-i
pirical basis and the relatianships between data and
theory we believe that it is possible to make a valid
scieﬂtific ingquy into the behavior of ISSS, and it
is the research hypcthesis of this" study that the in—
quiry can be done by using the’ Eystem dynamics metha=
dology (Férrester 1961 and 1968) '

-System'dynamics madél;né as;;-scientificfactiyity

System dynamlcs is a vehléle, or a methcdclcgy, fcr
theory construction and it shaws great similarities.to
the “hprthegis method" for scientifid inquizias in the
vnétural sciences (Hémpel 1972) the gaals of a system
-dynamics stu&y is to analyze an observed phenamencn
and give a deeper understanding of -its underlying prée
cesses, and to make it possible to make prediztlve '
‘statements regarding the phenomenon = -these q@als corre-
.spgnd to the characteristics of a gogd the@ry gﬁgan by -

" Hempel (1972, Chapter 6.3). When the - study is of a

- system SubjEGt to human decision-making this last aspect

. is pursued to arrive at recammendatlgns fqr ;mpr@ving

the Perf@rmance of the system.

; A sclentiflc inquiry is a prccess characte:ized by
parallél activities and iterations. We have already
discussed the ;nterplay between theory and data “how.one
tries to ex;laln observed phenomena ‘with theeries, and
‘how theories determine what is @bsezvédf The hypo-
thetical nature of theories does not change even though
their content might chahge. A tgearylis a set of inter-
related hypotheses and as the scientific inquiry pro- -

gresses the set will change: preliminary‘hypotheses are
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_farmulated to gulde information gathering (cbservatiens)
gand are rejected or modifiéd 1f they do not lead to

an acceptable explanaticn of the phenemencn‘be;ng stu-.
died. Analagausly it holds true for system: dynamics
modeling that the process 1is characterized by iteration
between Dbservatigﬁ, mgdel farmulatlan (hypathases), anﬁ
simulaticn runs (tests). “When a éystem theory takes
shape as a s;mulatian deél, its behav;cr precipltates
more discussions. and brings out additional supporting
and contradictory 1nfcrmat;@n that helps réflne the

theory" (Forrester, 1969 p. lx)

{D;fferent types -of hYPDthESES are f@rmulated in a system

"dynamlcs*study (Mashayekhl, 1976) .

A _ )

a) Reference behaVicr A system dynamlcs study starts
with what is ‘called a "reference mode of behav1cr"
i.e a dessr;ptlgn of a problem in terms of how
-systen. varlables develsp over time. When the tlme
horlzan for the description of’ the reference be-
hav1Dr is in the future, as was the'case in. the
study Limits to Growth (Meadows et al al 1972),

the reference behavior is a hypothe51s. The same.

. is true when the dasir;gt;gn is of variables which
have not hitheft? been observed, 5r»whiéh are not.
possible to study directly (see next point):

b) Boundary hypotheses. When the b@uﬂdé:y for the .
m@déi'is drawn implicit assuhptians apout what is
relevant for the study are made.:These assump-
tions-are sometimes based on established empiri%

cal knowledge but are often hypg;hati;al.

¢) Structural hypathéses. Sometimes hypothetical re-
lationships between variables must be formulated
as part of the model building, for example of the



type "an increase in A leads to an increase in B"

where A and B are variables in the model. Earliern

studles might have letted ‘certain reiationships,
or even important variables, S0 there mlght not
be any established empirical knawle@ge;'an which

to build.

da) Hyp@thetlcal parameter values. The same feascnlng
as for .the relatlanship between variables :an be

applled regardingiga:amgger valges.

Ragardéé as ‘a theary a system dynamlcs madel can. Cﬂﬂﬁz

trlbute to a generallzat;an of earlier anwledgé by

prav;dlng a unified description of ﬂlffezent occurences

Df a phenamen@n. The model can also make earller knaw—
ledge more detalled by showing under what circumstances

~earlier explanations are valid. It is often true that

when a deeper understanding of a phenamencn is achleved

.“truths";turn out t@ be “half—trgths". 'fj

neral can alsa increase the scope of existing kncw—

1edge since lt is p3351ble to 51mu1ate changas in the

model. Sometimes this is not even necessary: a thorough

iénaiysisADf'the>5iﬁulatian results can both point out

\aﬁﬂ explain aspects that_were previously un@bsezved_'-

From this discussion it seems that system dynamlcs can”
be used to study camplex prablems and glve 1ﬁEraased

, knawlédge abaut the phencmena in question. In partlcu—-
lar we find it reasonable to assume that system dy‘
namics madellng is an apprcprlate methodology for mak-
ing a scientific 1nqu1ry lntD the behav1a: of informa-

tion search services.
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The process Qf f@rmulatiﬁg a simulatian mcdel can be
described .as leles. A phencmenon is cbsegved and | »
studied and pré&iminafy hypgtheses are fDrmulated Re-

'garding structural hypctheses and hygathetlcal para-

meter values it is primarlly a questi@n of inductive

réasoning. _the goal. ;S tc flnd sgmethlng resenbling a

v 'general law. The prellm;nary model is testedd by deduc~
tive reascn;ng if the model is.valid the re%ﬁlts of

the simulation run must resemble the. Dbservatlsns Df
the real system. That the ‘model will repzﬂduce the "re-

’ference mode of behaV1ar"-1s +the mirimum réqu1fement.;

In addition the validity of the model must be tested -

in’ some way. There are ho establ;sheﬂ nDrmS fcr how

this should be done. The apprapr;ateness of dlfferent

tests depends Gﬁ the chanacter of the pr@blem or. phené—

menon : lf one wants to explaln 1nstab11;t1es it could

bé appropriate to. subject the mcdel to noise or step _
functlan lnputs, whlch is not directly relevant ‘when B sj
one 15 studylng l@ng term gr@wth pr@blems* In either 7 7
case one should examine how the behavior cf the mcdel‘

is_ changed by changes lh parameter values tD make sure

that the 51mulatlan results are nat the cansequence @f

" a "fcrtuﬁate" ‘combination of parameter values in an

;ncarrest" structure.

,Thé madel is ‘tested and. ref;ned i. e. the préllmlnary i&aigff

-hypctheses are changed unt;l the mcdel can glve an

radequate*explanatlcn of the DbSErVEﬁ phencmenan. Cri~-
ter;a for acceptability is a questlcn of credlblllty,
and as for other scientific theories :red;blllty is a

function of the scope and character of available facts.

In the cagses where the "reference* mode of behavior" refers

to the future, and hence is an hypothesis, confirmation

cannot be made. by direct observation. This does not

(W)
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. mean that the hypothes;s is without empirical ccntent
(cf. Hémpel 1972, P 103), but it can only be camfirm—

‘ !ed indifectly, i.e. by confirmation of " the model struafta

ture which generates the bekavior. FDf this type Sf -
study a test implicatléﬁ is to "wait and see" and in .

some cages th;s can be used for canfirmatlan of tha

hYPGthéSiS

Examples Df hypatheses f@:mulated in the present study_'
are given in Table 1, and sources giving the primary

empirical ev;dence are listed 1n Table 2.

HYPOTHESES AND THEIR OCCURRENCES IN THE PRESENT.STUDY .

Reference mode . - . Chapter tWDléi 56

Qf\bE@§ViD§ : - . Chapter four p. 180
,Strgéﬁura i o _ é;g.,pé; lEBﬁlBl (EDDPQ)
(Boundary) - p. 58
Parameters ‘ e.g. 125-127 (perceptlan
' times)

Table 1

oo
N
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HYPOTHESES. AND . EVIDENCE FOR ISSQ=(Examplesk

Reference mode Brown, 1977 -
S .- Tomberg, 1977-a ; '
" R Published statistics ° NASIC/MIT
‘ e RITL~IDC

i . SDI statisties .. RITL-IDC
o ’ UGACC

i -

;’Struciuré e ' 'Hirshmang=1370
' Wanger et al., 1976

. (Boundary) - o Llewellen and Kam;neckl, 1975 .
Co . ‘Wind et al., 1976 - :
Gustafsson, 1976
Parameters Benenfeld et al., 1975
"Hjerppe, 1975
Ljungberg, 1975
Pensyl, 1977
Wanger et al., 1976
Ware, 1973
Publlshed statlstlcs RITL-IDC
. - NASIC/MIT

Tablé 2

Y

_The dlfférent typés of hypatheses discussed abcve, form-

an interrelated ‘set, or system of hypétheses, which is

1llustratea in’ Figure 4,

This study of ISSS started with an observation that'the
typical ISS was facing a decline in growth (1), and.

hy?@thétical "mode of behavior" was f@rmulated Since _

!sygtém dynamics had pr@veﬂ*ta'be‘@f value fcr s;m;lar
types of problems, and since its apgl;cat;@nﬁwas conp-
venient, the researéh hypothesis (2) was that syste,

dynamics would be an appropriate methodology. /

o
Sy
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C@nstructicn Gf thé m@del invclved farmulating model hy-

. potheses {3) which were tested by ccmparing simulaticn

'results with abservati@ns»ef reality, both directly anﬂ
~thrcugh literature 5tudies Eventually the simulation
exper;ments led to conclusions (4) which were tested
against the mgdel hypctheses and, again, by campariscn
with simulaticn runs, li.e. the\m@del hyp@theses. In the
~ later stages of the study the conclusions were compar=
’Ea diréctlyIVith Dbsé:#atiéns of reality. The compari- E
son of the conclusions. w;th the 1nitial reference model
of behavigr (5) cauld not be ﬂane at’ Cnée since emplri—

"5;

cal eviﬂence wag not at hand until later. '

R | _‘ Resear:h
e R ; : ‘hypothesis
SR o :' ——— Oﬁéﬁwab@gw
CQﬁCIU&-iDﬁS .

@ // | _.!

  )\' | (fefgr;vtiejg%sgur) :
\\\\\\ \\\\\\\\\\\\\\\\\\\\

-Figure 4
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;Il. ANALYSIS OF GROWTH QF'INFDRMATIQN s ARCH SERVICES
1. - ¥ .

A f;rst attempt to explain ISS behavior

n

As ISSS became established it.gradually bécame;visibie 'gl
that they were facing ﬁany of the prcbiéms that the i
SDI-services had, in pa¥ticular it seemed that. the' -
'grgwth in business vclume was not enough to secure ‘the
investments negessary to achieve self- sustainability

‘One cammonly advacated remedy was t@ spend resources .

‘on marketing H@wever, a5 was the casa far the SDIﬁ
servidces, a concentrated marketing drive usuallyagave,

an overwhelming response that the ISS had diffiéﬁity
absorbing; the result gometimes was that there was a
Substantial degradati@n of the service, in terms of
response time, whlch took a: relatlvely long time to
compensate., : g
“On these premises the study DMISS was 5Earted The
problem to be Anvestigated was that of ";nsuff1c1ent
gr@wth" and the wark;ng hyp@§h3515 was that the nrd—
:blem could be explained by an’ analys;s of managerlal
p@llc1es (DMISS, p. 11), in particular the res@urce v
all@cat;on trade-off between marketlng and production
was investlgated The 51mulat;gn model ISSJ was’ deve~
loped based on literature studles; study wvisits, inter-
views and correspondence with_iSS managers. - In parti-

cular the NASIC/MIT .service was consulted.

With ISS1 it was pcssibié to ﬁakg an -analysis of the
basic growth mechanism .for an ISS. Fbr the case when .
the I8S resourcés,.primarily staff'(gre'canstant the

study represents a relevant theory of™ -I55 behavior.

Although not a typical s;tuatlan an 18§ lé sametlmes

set up as a research project, or an axperlment w;th

a fixed budget. What seems to be ;he root @E the mana-

!
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;gérigl problem is theAdifféréﬂﬁ°ph;élng‘@f the users

need for assistance and far-pr@ductién;_i;eﬁ search-

f%ng: at firgt it is relatively easy to give both ade-
fﬁuéte assistance ana resp@nse‘time; hut later the iss

has difficulties in kgeping the resPcnse time sha:t,
In cher words it seems that by dgﬂng the nccessary
marketing the ISS ‘ends up beiﬁg cvercommitted Reqard—
less of: what the - ‘188 management dges at the tine it

will cause user disappointment in scmc way (DMIé%

47) . Fram the 51mulatians with Iss1 it seemb Lhat the _
gize gf the p@tential market is crucial (DMI5S, pj 50)

- this could be an important decision variable, if it

is contrqllable by -management. Regardless, the simula-
tién results raise the question whéthér the focus on
the numbe: of queries, and not on the number of users, .
glves the. apprgpriat& basis for decisions charding
158s. . o — et s

"88% when resources

‘vz#a:e varlabla?'sing ISSl s thecry (DMISS, p. 52 ff.)

1)‘that the béhﬂVlQr Df the ISS is fundamentally

‘d;ftereni when EESDQECEE are made variable (DMISS,

p.’61), and

,2)'f@f a definitive analysis of ISSs the model would

have to bé elaborated,. o

.An explanatlén of ISS béhav;@r

wr
i,

The model ISS2 described in Qhapte: two constitutes

such an elaborated model. Further

literature studies
and study v151t5 r;vealedq,h%t few, if anyi?ISSs had

ambitions to be profit maglﬂg - rather partial cost

'récavery seemed to be typical. fhe prmblém statement

fDl QDISS is consequently different (see pp 56-57)

and the purpose .of the paper is to prpqent an analysis
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of causes for the growth behavior of ISSs.

The analysis of, ISSs, and in particular the analysis
of the effects of different parameter values, presen-
ted in DMISS represents a test of the basic structure
of the IES/user/fugder system, and the z@hstructi@n of
'ISS2 builds on this test.

In chapter two is presented a systems theory of the

- ISS/user/funder interactions that determine the be-

havior of 1SSs. The system description consists of a
verbal description and figures illustrating the feed-
back loops involved which are reprinted here (Figure
5). In addition a quantification of the relationships
between system variables is needed; this is given in

Chapter three of this report.

The quantified model represents a synthesis of infor-
mation from study visits, interviews and corresponden=-

ce with ISS managers, and literature sources.

The simulated ISS grows rapidly in terms of number of
users for the first 60 weeks, and then the typical dec-
Liﬁe in growth occurs when the number of users is about
800. Trom then on growth is significantly slower but
the ISS satisfies the funder”s econonic -requirecments
and is not doing too badly in keepina the delivevy
delay at the norm so the service expands and has a
aff of 4.4 at the end of the simulated time period

240 weeks. The number of usefs at that time is 11317,
which means a market penctration of 57 percént. The 185
receives 35 search requests, i.o. quories, per woeek, and
the number of new uscrs 18 25 per week, which means that

the percentage "return users® is 29.
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Results from computer simulation with ISSQ-are gi%en in
I'igure 6. The behavior of the simulation model is rea-
listic in both qualitative and quantitative terms, as
verified by interviews and literature sources. (Brown,
1977; Wanger et al., 1976; Benefeld et al., 1975;

" Tomberq, 1977-a). ! . ' o

By analyzing the underlving forces, contained in the
systems theory, it is possible to explain the behavior.
One explanation is given in Chapter two (pp. 76-84)

and in ECISS (p.181) the explanation is given in more
general terms. This latter explanation is made on the
basis of a more aggragatéd loop-diagram (Figure 7) and
reads:

Loop 1 is typical for business and service activities; as
business veolume goes up, expansion is needed and more resour-
ces acquired which makes it possible to handle more busi-
ness. Loop 2 is the.congestion loop. As business volume goes
up, the fact that queues develop makes the service less at-
tractive and discourages business. ISSgyeasily became con-
gested, and at least part of the reason for this is a focus
on search requests instead of users: capacity planning is .
done on the basis of "how many questions can we answer? rather
than "how many users can we serve?" The point is that accept-
ing a user should be a long term conmitment. Until it is seen
as such, we can say that too many users are admitted to the
service. This, of course, would not be the case if the spon-
sor would expand the resources for the ISS quickly enough.
However, the typical sponsor wants to be sure of an establish-

- ed need for nore resources before he grants expansion (will-
ing risk capital is indeed rare), but by the time the need is
established, there 1s already congestion, which also hinders
expansion (loop 3). One reason for the latter effect is that
the "ecxcess" number of uscors reduces the throughput, since
the 1SS staff is forced to spend time on user assistance,
which will lower the: revenue/cost ratio and activate econamic
ocnceln on the part of the SpONsor .

43
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\ , EXPANSION
CONGESTION ~ BUSINESS 1
' VOLUME 3

-RESOURCES

Figure 7
Structure of 1582
k

An analysis of managerial decision making for 1SSs is

also given (see pp. 84-91). The conclu: tons and re=-

commendations from this .analysis can be :uwunarized:

Management focus has been on querles instead of
users which has had a misleadlng Effect on plan-
ning and investment asbiv;tled

The importance of the price- mechanlsm has been
overestimated and not understood (a conclusion
from the literature studies).

The possibility to exéanﬁ, in staff, is hindered
by the doublebind of queues which are needed to
justify expansion and at the same time discourage
users.

Marketing and assistance can have a negative
effect on sales; t$liere is a possible "marketing
trap" (which is partly a function of the first

point: focus on gjeriés and not users).

4d
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IV, IMPLICATIONS FDR THE AGGREGATE INFORMATIQN
. SEARCH MARKET

In general growth forecasts for the computer-based in-

formation services market have been optimistic:

"The market for these services (bibliographic and document
retrieval systems) is expected to grow to a substantial size
same time during the coaming decade. This market is presently
in a period of rapid growth of the order of 30 percent per
year. Such service is presently limited to libraries, but
the price is already within a range acceptable to many busi-
ness and professional users, and an even more rapid growth
can be expected when this type of service is made available
as a part of a package of services tailored to the.needs of
the individual user who is not a camputer professional.”
(Program in Information Technology and Teleccnmunlcat;ans,
1976, p. 16) .

One of the results of our analysis of ISS growth (see
the previous section) was the identification of several
common misconceptions regarding the operation-of ISS”s.

Briefly described these misconceptions are:

- The length of time a typical ISS has been opera-
tional is"often overestimated. The consequence
of this could be that an initial, trans¢ient,
growth might be believed to be a mature, stablé,
growth,

- The number of searches a person can perform in a
week, say, is often overestimated.

- Too much reliance has been put on pricing policies
as a control instrument for the growth development
of ISS7s.

- - In most I8S models the representation of the users
and their influence is too simplified and, in
general, too little emphasis has beéen put on fact-
ors outside the ISS itself.

In ECSISS (reprinted in Chapter four) tha consequences

of these mnis CGHCLPtlDﬂb are discussed. Tt is claimed

o 10
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that the model ISS2 is a relevant model of the growth
development of an 1SS, and the implication is that since
a typical ISS will experience a stagnation, there are
reasons to quéétion the optimistic f@reéasts. Sinc%vthé'
growth of the aggregate information search market is de-
pendent on other developments, e. g. in thé publishing
industry and. ‘the integrati@hiaf 1S8"s and other infor-" -
mation utilities, a stagnation in the market is judged

not to be inevitable but -likely. .

P
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V. GENERAL CONCLUSIONS FROM THE STUDY
By applying the system dynamics ﬁéth@déloéy to the
study of information search services it has been péSﬁ—

Albla>ta attain:

- A aeeper understanding of the mechanisms that
determine the growth behavior of ISS7s.

- An analysis of managerial decision making that.
- gives recommendations for policy decisions.

i

1Y
- A basis for assessing the development of the
aggrégate information search markét

We find these to be good indicators of the applicabi-
lity and suitability of system dynamics for the study
of problems relating to the growth ﬂeﬁélopment of ISS57s.

Like many other research activities this study points

to other aréas where more research is needed. The
analysis in Chapter four indicates that the investment
function is of great 'importance for an ISS when regard-
ed as an economic system. Considering that there are
indications not only of a temporary stagnation, which
we have shown, but of a possible decline, which is

shown by Tombérg (1977-a) - see Figure 8 - a thorough
study of the economics of the whole market is warranted.
To make this possible more research is‘ﬁeeded in "in-
formation economics", which is defined by McDonough

(1963) :

- "Information econamics is the study of the allocation of
certain scarce resources of an organization to achieve the
best decisions for that organization. In particular, infor-
mation economics concentrates on the allocation of resour=-
ces for the storage of knowledge, for the obtaining of in-
fomation through data processing, and for the effectiye
utilization of both stored knowledge and pr@cessed lﬂfOEﬂaﬁ
tion by individuals in the firm."
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Figure 8

The number of Eurapeaﬁ'ﬁibliographic on=line
services and average number of users since
1969 (=100) (from Tomberg, 1977-a). :

As the present study has illustrated an 1SS is best
studied as one part of an integrated ISS/user/funder
system, and without an "information economic" coupling
to the users” organization any real undersﬁanding of

the economics of an ISS is not possible.

At present thélaptiéng available for the ISS management

are relatively few with regard to service foeringsh as

was discussed in Chapter two, but.this situation iﬁ

changing. New service features are being intréduéed_
" which will make it possible for the ISS”s to offet-di-

versified service. For the managerial decisions involv-

ed in the selection of "service mix" a more th@raugh
knowledge of the users”™ preferences and behavior is

needed., ' .

49 |
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Finally, it is to be hoped that this study of the dyna-

‘mics of ISS"s can-give some motivation for ISS managers.

to spend resources on c@llect;ng more detailed statist-

. ics about the ISS operations and user behaviér. The

theary presented here 1is general in nature and must be

complemented w1th speclflc 1nfarmat1@n about the user
p@pulatlcn of a part;cular ISS to make€ it possible to
judge the applicability of the theory to the specific
case which can guide the managerial decision making for

the ISS.
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GROWTH DYNAMICS OF INFORMATION SEARCH SERVICES
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I[. INTRODUCTION
Information search service of the kind described in

'~ Chapter one were, and still are, considered an effi-
cient solution to the problem of access to the scien-

‘ ;ﬁifi? literature. Usually the ISS”s experienced growth .
ip the number of users. Sometimes this growth was
quite dramatic. However, by la@king;at the situati@n

a bit closer it was possible to find reasons. to be-

lieve that the rapid growth might not prevail.

For example, preliminary analysis of uﬁpublisheﬂ' ’
statistics showed that at the NASIG?MIT service growth
was slowing down. This @bservaﬁi@nl%as latergcgnfifmed
'in the quarterly reports. The development of the number
of searches per quarter a£ NASIC/MIT is given in Figure
A\

~ searchesy
quarter |

——

NASIC/MIT

400 + -

300 +

~F -

100 +

De¢.-73 - 74 -75 -7

Figure 1
The number of searches/quarter
at NASIC/MIT.
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We see that with the exception of the sﬁmmeﬁ éf 1974
'the growth during the first two yéars follows what
looks like an expanentiél path, and then show rela-
tively little variation for é'pé:iad of a year and

a 'half, after which grawth seems. to resume.

:Ey inspecting the.statigﬁics from the Royal Institute
of, Technology 1DC we can see a'similar devélépm&ht
al£§@ggh not as clearly. The dgvelopment of the number
of search requests per quartétiét RiTL?IDC is -shown
in Figure 2. The summer of 1973 this sService was
offered free of charge within the institute which
accounts for the high number of search requests duriﬁg
the fourth and fifth quarter. If we discount for this
we can see that the growth ﬂuring the first two years

is almost exponential.

‘search requests, ; >
quarter ,  |p¢ ' __r -7

100 -

© ¥ i

Lt st

E. 2 poomtg g

¢ s = n—,-l
. ==
[ _ -
= _— K
'

Oct-2 0y g M el 76

Figure 2

The number Qf-ggarchxxequests  ]_ -
per quarter at RITL-IDC. :
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_ 2
The starting level seems a bit high but this can be '
explained by the fact that the on-line search service .
beneflted from b&lnq absaclatéd w1th an established
SDI- 5&rvlce, there was alrﬁnﬁy a market for blbll@h
graph;c 1ﬂfafmatlan and there were. established Channel
far the, markatlﬁg From Fébluary 1976 the growth devel-
épment l@@ka vury dlfferent from that dt NASIC/MIT. The
reason for this is that the operations vat_RITLalDL;?

changed character in a fundamental way: a communica- )

tions nodg was installed which enabled users whn had

access tD dial-up terminals to %curch dlrgrtly from o

“these terminals and not to have to qu thlduqh the

RITL-IDC ser: his ac counts for the sharp erp in

<
o
é

ic

search requests. €Dr the last two quarters

L’
U’}

in Figure 2. Much of the 1nctea5a during the first
quéftersg'af 1976 can be attributed to the marketihg S‘
activities related to the intrnducmiﬂn of the node.
Aitgl this change, however! the RITL IDC service can=-
not be considered a typical 185 as washave def ined

it in this htudy,

A third indication of growth problems is given By |-

Uj‘

rown (1977)'in an account of the experiences at the
ti

National Bureau of gtandarg Library. The library serves

a staftf of about 3 000 people, less than half of whom |
are highly trained scientists and technologists. he

llbrnty ﬁ‘t up an IS8 in 1974,

"In thé second year of soe vching. ., the mmber of first-
time users detreased and fell Finally for two nonths to
Zero. Tt was not. known whether this neant that a saturation
point had been reached of new users in the orgamization, or
whether publicity, which had dropped of f duing.a period of
staff 'shortages, was indeed the only HEIUCtLV(‘nPdnH()
attracting the novice. Tt was hard to Dedicve:that all
potential customers had beon reached, since the users wore
only a :mall percentage ot the "organization staft™ (p. 156)

e —7



11, PROBLEM STATEMENT R

The problem addressed in this study is that éfzirregular
growth of. ISS s, i.e. after a period of initial grgwtﬁ
the numben “&f users of an ISS typically levels off dra-
maticallv (see Figure 3) even though the patéﬁtlal ‘
market is not nearly pcnetrated This' premature aec—
line in qrawth éantrlbuteg t@ management untertalnty
regarding the é@nt;ﬁuatlgn of the service. The 1arge
inittial 1nvgatmént to’ EaﬁabilSh an.ISS serves ta
heighten concern over an early gerth curtailment.

The difficulty in maintaining growth until the targetf
market is penetrated, or until'aé e:@ﬂomically'selfa
sustaining level of operation is reached, can be a
stf@né inhibiting force on the growth of the number of
surviving I8S7s. Since @veraﬁtimistic_farecasts for
qf@wth'érv common, cveréxpectaticns b? the funder‘

occur, “and the problem is often feferréd "o as that ey

of "insufficient qrcwth

PROJECTION

NUMBER | | S
OF USERS 1 e

U W ]
~ 2 YRS TIME

Figire 3 Y By

¥

Typical develgpment of the
number of usors of an 185,

04
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If”theigurrent,mental pictures aﬁdfbeliefs prevail and '
"arE'used as a basis f@r'farécasts and expectations. the
~ fate of the cn-line based ISS°s can be the same as that-
of the SDI cperati@ns of the mid-1960"s, i.e. after

‘a peri@d of success, with grawth in both the number of

services and the number of users per center, use dete-

The number @fiSDi'éperatianS dec1ined rapidly, and to-
day the SDI function.is carried out by a few large
centers or is offered as an option by the larger ISS”s.

Gvérexpectati@né occur and réggcur because of a lack
cf’kn@wlédQe_af underlying factors. The established
‘knowledge of user behavior and ma:ket reactions is

insufficient for guldlng the ISS managers. This claim _
is substantiated by thE_fDllgWLng quote; ’ ' o j

g..tatally 1naﬂeguate c@ncePti@ns concerning STI (Sclentiflc
and Technical Information) users are guiding the thinking
of many STI/SS (Scientific and Technical Information Systems
and Services) designers and managers. Unless and until research
_is done that reshapes current "mental pictures“ of who can
or might use STI/SS”"s, hopes for seeing major improvements

in the delivery and utilization of such systems and services
are-bound to be frustrated" (Freeman and Rubenstein, 1974,

99) ‘ ‘ | E

'The purpose of this paper‘is to present an analysis of

Vcauses for the grgﬁth béhévi@f Qf ISSs. It offers. aﬁ

It offers an explanatlan of the observed growth devel-
-opment and can serve ‘as a'basis for further‘understanéing

" needed for effective management decision ﬁaking: The

analysis is based on results from computer. simulations

with a model of .a hypcthetlcal ISS

oy
(W)
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I11. BOUNDARY FOR THE STUDY.

‘Depending on the abjective of a'.gystems study its boun-.
dary can be éifferént from what ‘is traditionally held
to be the system boundary. Far*a 5tudy of the growth
of an ISS:théﬂapprapriate boundary muét iﬁclude, in
addifion to the ISS itself, both the funder and the

7 users since their decisions and actions: have a direct

'+ effect on the ISS (Baker and Nance, 1968, 1969, and
1970) . | L | - |
The st:ugturé of an infcrmatiénasearch sefviee-has
greviaus£§ been dis&ussed and related to the overall
~activity of user access t@:the.scientifié literature

(see p. 18).

The performance of an ISS is.evaluated from different
viewpoints: marmagement evaluates the_goaiﬂfulfillmeﬁt,
thé’fundér, the users, and tﬁé pétential usérs evalu-
ate the serV1ce in some utlllty terms All these
evaluations lead to decisions and actlans that affezt

the future Dperatlans of the ISS,

The managemEﬂt dec1SLDns

Maﬁagement tries to keep the éelivery-delay-fér the
'5Erviéé; the reépénsé_timé;‘at an acceptable level by

allocating staff effort to, the "production" function,

i.e. performing the information searches. The re- "

sources not needed to achieve'the delivery delay goal 4
-are emplayed in user .assistance and marketlﬂg There

is a canstralnt for the allasﬁtlcn policy since a

Gertaln minimum effort is requlred ‘for user ass;gtance.

Part of thlS minimum-is spent on. admlnlstratlve wark




A less vaiﬁus way f@r management to increase the p:cﬁi'“
ductive capacity is to decrease the staff time  spent

on. each query. Such changes can iny be made slowly
since they involve a learning process by the staff ané
ah adjustment time for the users..The time spent per (
query has a strong effect on the quality of the Service '
‘and" is a highﬁlevel policy variable. In the study we
assume that the . quality gﬁal is not :hanged '

o Thgausggs,and,their;§§ci§igns_‘
The aefiniticn of a "user" of an ISS is uncertain Whén
there. is no formal contract, like a subs:rlptlcn,‘an ’
iwh;ch té base the definitianl(Maran, '1969). 'In this

'study a user is defined as a persgn 'who decldes to use
the ISS ‘and he remains a user for a "normal user time",

" unless the effect of ‘delivery delays will make him
‘termlnate his ;nteracticns sooner, 1 e. exercise thé

B

_ex;t thlén discussed on' p. 25.

, ;?gEausers submlt queries accardlng to théir average
vi-b prepens1ty to. query This pr@pén51ty, hDWEVEI, is in-
- fluenced by the exper;enced ﬂel;very delay: if this is
: - i - |

F

"léQQ thenbthe_pr@pensity'ta query will be lower.

The PDtéﬂtlal users S S - A

- B

The. potential users decide to beécme’user£'an the basis-
' of their perception.of ‘the value @f the service, mea-*
iSured by perc51véﬁ ﬂellvery delay, and the intensity

" of the,marketlng effort®. The entrz rate is also

)the ;mpartance of these- ﬁmz service character;stlcs is discus-
"sed in (Llewellen and Kamlnecki ‘1975) and (Berk 1974) respec-  ©
| ’avely .

o
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subgect to influence from the p¥§partien of actual
users.to patential users. the word-of-mouth effect,
which has a pgsitive inflﬁénce on awareness and entry
rate, grcws at first with the number of usetg but
saturates- when the proportion of . users is high ‘There
- is also a- general saturation effect which makes it
more difficult to attract and recruit users as the

- market penetration g

pproaches 100 per cent.

The funder and hys decision.’

The ftnﬁerjs assessment of the ISExﬁgerétiéns'chsists
of both a critical and a supportivé as?ecti'Dn the one
hand the I8s must prove its worth in the markétﬁlécef
and the criteria used for -the criﬁical'evaluaticn are
usually economic or some measure - of - market ?qutration,
: 'i.e. how successful the service is in terms of growth.
g in queries or userst. The critlcal component will lead
| "to ‘a reduction Df support 1f the growth is nat suffii

cient compared to the furider~ s expectation. L

The suppartlve campanent rests on the realization that
ﬂléw performance in terms of growth can be the result ) '
_Qf too little rescurées.,ISS typlcally ‘have PrDCEdurES %_£§:‘
fcr evaluatlve feedbaék from users, . which enables them 7
to respond w1th “voice“ -in respanse to a decl;ﬂe in. the S /
‘service quality (see p.26). If the funder is committed;

an expressed low user satlsfactiéﬁ'might lead to an

increase ln/the funder” s w1111ngness to support the

ISS. Haweie:, this ccmmltment .could ﬂDt continue 1n—
definitely; thus ;fluser sdtisfaction does not go up

B ’ . . ¢ .
¢ . -

)Ekangm;c cans;de:gtlans are becamlng lﬂCfeaSnglY importarit as
discussed in (Schwarz, 1976 .and DeGennarD, l975) 45

QN




‘in a reascnable pericd Df time, the funder is forced
to the ccnc%gficn that the users a:e finding other

forms of servVice..

IV, SYSTEM DESCRIPTION
" Behavior iS'the:aggregate of .system activity, which
;includeé ﬂecision'making and actions.. Actions lead to

. changes in the system. When’SDmething'ié done the Qut—'

T

ll"')" 'jr'.r & v
&

come also changes future doings either beeause ‘of . "
_y physical changes in the system or bagause of psycholof"“
'gical changes, i.e. learning, Actions are 9f@mgﬁéd‘byx
decisions. Decisicns’are_ipfluEhCéﬁ bylthé'state of
the system which, in turn,‘iégafféétea'by actions. In
syStems with human decision makérs'iﬁ?is always im~
:p0ftant to accéunt fér'tﬁe possibiiity‘that the . pef4
" ceived stéhte Gf the System can be dlfferent from the.:
v . actual, and to reallza that it .is the f rmer that is
iﬁfluenclng the dec;sicn—making Thus system activity .
‘can ‘be described in terms .of feedback lOOPE,VWhléh are
closed paths representing the effects of a ﬂéélSan on

the system and Dn future decis;ans via informatlon feed-

back

- . . . . . . . i
4

A decision can beflnfluenced by very many lnformatlan ¥
sources but to 1nclude them all lﬂ a gystem déscrip-
tion demands a level of deta;l that inhibits percep-
tion and lnglght. Thusvsystem-descrlptlan varlables

- must be- seleaﬁed céréfully It is easy. to éanstrue a
thpusand reasons for a dEElSlOﬂ, but the "goad reasons”
‘are few; the set.of variables chosen to describe the
state of the system must be able tD rePresent all the
"gc@d re%sans for the dEClSlOﬂS ;n the system. ﬁ
study of an 1nfarmat1cn search’ SEfVlCé must include -

.the number of users anﬁ the number.of querles as
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’i‘Ldéésréffeggiggrthé number'cf'ESegéQ

L

study &f the growth of an ISS must include the pro-

variabgesdescribing the state of the system, and a:

“‘ductive resource staff. In suhsequent sectians the

~.'given in Figure 4

e

feedback l@@ps affecting these variables are: desc:ibed

The system loops ‘are numbered,in one sequénce and are

:prefixed by the initial of the variable on which they

EX?rt_thebprimary influenceg

¥ =

},
¥

“_The feédhack l@aps affecting the numbe: of users are

s

Loop Ul represents the natural tendency fcr g:gwth
iq_the number of users._There is an Lntr1n51c need fcr '

‘an ISS+ and the most impertant factor affecting the
-grcwth,is awareness of the service which-is, in turn,

largely détermiﬁéd by .word-of-mouth although the marke-

;‘t;ng effort by the ISS mlght grampt the actual decision
‘to became a user (Benenfeld et al. !975, p. 1- 4) Thusz‘
‘until the ISS has reached its -service capacity the ‘

' numbér of users cauld grgw at an iﬁcreasing rate

Loops U4 and Uzzafe loops that ;nhib;t'thg gréwﬁh in
users. Locp U4 is the market séturatién effect, which

represents the 1ncreasing difficulty in recruiting new

_users w1th1n a saturatéd population of potential users.

Loop U2 §Drtrays a negative efféct from délivery delay

increases WhlEh 1engthens the dellvery déiay Whlch in

turn reduces the number @f future éntrles.

£

*)That this is true also outside research oriented academic
- cammumnities is shown in (Ahlgren, 1975).



o UDELIVERY
DELIVER o . DELAY :
DELAY G U2 ERCEIVED
PERCEIVED BY ™« EY USERS
. iENT]A!_« ‘ - ﬁ e
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.-ALLQCAT]QN QF o - PRODUCTION
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ASSISTANCE
Figure 4 R ‘ -

Feedback loops affectlng the
- number Df users. * :

Locp UB shcws another factcr 1nh1b1tlng the number af ,;};2;5
entries. As. the number of queries ;ncreases, ‘more. staff s
is needed for pr@ductian,“i;ei increased searéhing‘
dééreases staff. resources available for marketlng and
user assistance. This negatlve effect is c@unteracteﬂ
by the effect of loop U5 which is to make it more
‘difficult to allocate staff for production as the

need for assistance increases.

&

480



B A R
. ¥ j ) o T

e Yo,

B4

Eeedbaeg;;eepe effegting;the eﬁmbe: ef*qgeriee;

¢ TE N . . i

7TIn Figure 5. the feedbeek leepe affecting the nuﬁbe;‘ B
_of queﬁiee are eheWn tegether with the. previeuely dis—

= ,eueeed 1eeps Leep QG repreeente the effeet ef uee:

vereely a decrease in the prepensity to query 1s the
reeetlon as del;very deiay ;nereeees. A bu;ld up of

negetive ‘effect on the number of 1neem1né querles. Thle
leffeet is empllfied by loop . UE whleh givee a reauetien

in the number of ugers, and henee queﬁiee, when delivery -

- deley ‘is long.
The menegeriel peiicy fer féseu£§é eileeetien'iexreﬁre-
"sented in loop Q7: when query beekleg rises the. allo=
cation of staff to production is ‘increased which - lﬂ—“f
creases the enewer rate and reduces:the baekleg The
dellvery ﬂeley is shortened by beth the - lnereese in
'enewer rete and the reduction in query beekleg Loop -
QB shows a dyefunetlenel effeet of the reeeuree ellea'
cation decisions, in terms ef eontrel of the’ query. -
baekleg As . the answer rate increases the dellvery ‘
:deley decreases which eventuelly stimulates an in-="

ereese in query eubm1551en end causes potential users
to become users.: ' '

EeedbeekLlooge-eﬁfeg;}eggphe npmber,efseteff

fFlgure 5 glVE; 411 the 1eepe necessary te enelyze the
‘behavior of an ISS under constant etefflng For some
studies this would be - adequate since an ISS sometimes

1e set up as a research prOjeEt oz experlmentel eet1v1ty

- -



DELNERY
© - . DELAY v ..
: PEHGEIVED - :
© BY: %QTENTlAL . TO QUERY . BACKLOG

f;;;pux JIS R \\k » ;i
co e INCOMING -
ARKET QUERIES‘

A‘FURA‘TIGN o

i éﬁ obibETION
~ CAPA }TY .

iz PROPENSITY QUERY -

ERS "‘*%;INDICATED
1 NEED FOR

 STAFF TO -

MARKETING

us - FRACTIONAL .
S U9 ci, ALLOCATION

A OF STAFF TO
, Paonucmw

-ALLQCEﬂDN
* OF STAFF

. TO MARKETING <~ I ‘\\

with affixed.budgét;‘The most common setting‘fér an

1SS, however, is to be part of a larger organiza-
tion,;such as a library, and subjéct to budgetary con-

Eerd§

af staff are necessary These are shown in Figure 6.

.%herefere feedback lgcps affectlng ‘the number

i

LGDP 39 represent5 thé écmpénéati@h for. leaving staff’

assuming that the average time to stay is not changed,

3
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. and EVEﬁtual hires._« o ?*it, o

" ence on hires.

This will lead tc an increase in the numher gf desiﬁed

S

The expansian Of the ISS in terms cf staff is shawn in
lDDp SlD In the typical arganizat;cnal setting for.
an 18s’ justlficatlon for expansion . is narmally based
f%ﬁ a demgngtrated "need“ such as . a hiqh backlcg of - K

f;qqerles or lang delivery delay.

. A
\

.Dg§ of .the EWQ primary c@nstralnts on expanslcn isa

%resented by the fundéﬁhs W1111ngness to suppazt the
ISS If ﬂel;very delays are long for a sustained pér;od

: @ﬁ time the fundez 5 w;lllngness to Eupprt must decline.

51nce SDllCltEd evaluatlcns of the service are low.
Thé second ¢onstraint is economical ana is réprESEﬁted
;by laaps 512 and SlB.;Establlshment af an 158 requlresv'
a relatively larqe investment, and Gperat;on has hlgh
and: V151ble marg;nal costs, such as search. fees t@ the
1nformat10n whalesalers and teléeammunlcatién c@sts

It 13 therefare camm@n to require the ISS t@ rec@ver

".some Qf these ccsts (Wanger et al.,. 1976, p 153) .

-Rarely is the recovery of the initial’ inyestment ‘expec—
-ted énd the economic c@nstralnt contalns @nly varlable
casts - staff salarlés and search casts The funder
expects ‘a certaln velume of searches , per- staff member,

and this ratio is détermining the eccggm;s_;onstra;nt_

o LDDp 512 lS a p@51thé laap aep;ctlng the 1nf1uence of

an: 1ncrease ln Staff sh@rter dellvery delay, more in-
wh;ch reduceg the economic canstralnt on hlIéE. LQOp
Sl3.1is a negatlve loop since an 1ncrease in gtaff leads

_tg.l@wer queries per staff ratio and a~negatlveflnflu“

°

Cow
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Feedbaék 19@95 affect;ng the number Gf staff.
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VL THE ‘SIMQLATI’Q‘N MDDEL AND. BEHAJ‘I’(:R OF AN'ISS
 The simulatlan model is a systemﬁdynamics model written
in the DYNAMG simulaticn 1anguage see (F@trester, lBEB)
and (Pugh 1973) fc::r a- cﬂescriptic}n C*eptgally a -
system dynamlcs m@ﬂel is a set of diffeétential equa-
'”tians describing the cantinaus changes in a system. .
As 1mplemented on a digital c@mpute: thé model equa- |
tions are fcrmally a set of first order dlfferencé
Equaéians A further dlscusslgn abcut the mathemati— -
, “cal féprésentatian 15 qiven in Chapter three as partiq
g of the detalled madel dés¢giptign.v’ ' ' .

3Fgrgglat1ng the model means writing the deél equa—_
tlgns on'Ybasis of the Gausal analy51s anﬂ the causal
a laop diagrams Narmally the equations are mcre detailed ,
*f.than the dlagrams S0 the’ questlan of selectlnq var;ables.f»-

*\F@st be addressed again.

:Ihe chaice Df WhlEh varlables shculd be lncltded 1nf?'
fa system dynamlcs mqﬁel depénﬂs Gn the purpose of
'the study, or the: “palnt Df view" anﬁ Oﬁ the 1evel
«.ng aggregatlan The 1atter is often a Ecnsequence Qf
"“§he fgrmer but can also be influenced by avallable’;
-.;resaurces The Eﬁ%lce of variables shaulﬂ not be
‘based Qn what datg is avallable, ‘a system dynamlcg"
study can wark the other way ﬁ'p01nt out what data
.lS needed to make the study relevant
| The ‘boundary for the studled Eystem is bath cruclal
and dlfflgu;t to ﬂeterm;ne There is danger of am1tt—
ing lmportant Varlableg, Wthh typlcally results in '
' neqlected repfesentatlan Df 1nfluences that have a- ' ;}f
. cantrolling effect on @ne_cr more of the system vafli ‘

ables, i e negat;Ve fee"aak_laﬁps_ Such GmlSSlDHS‘ "C§(; '




cauld be the canaéquenca af tha madaler s *mafhadalaaf§ -
gical: bias" (Andersen, 1977, p. 41 #f.) to think: gn' ., "
“ oL “lgapa ..All ralavant ralatianahipa batwaen va:lablaa o
must be idantlflad befara tha daciaicn abQUt incluaion/
axcluslan can“be made. Qne way of raducing tha danger -
af faulty axclualanaii% to apply’ praaadanca analysis
- (Langefo¥s; 1966) when aanatructing the' model or, Af
this is not dana, for verififcation of “crucial parta
,Qf the maﬂall This analysis is in itself static and -
- fo§§aach variabla one poses the question "On what
does the value of this variabla depend?", i.e, ana : '
1dantlf1aa all tha infarmatién precedents needed to ’ '
compute the value. When this is dcne it is paaalbla .
'ta canaldar aggfagatlons and axalualgns. a

a--',‘.
g

Tha praaaaa W1ll be illustrated wlth tha férmulatian
of the rapraaantatlan of "quallty" and ccnnaatad parts

af tha model’ ISSE as axamplei

“.As a starting paint‘faf the discussion we illustrate,
.‘LA

Flgura 7 haw dECiSlGnS, actions, and 1nfarmatlan

B ,‘?ack lnta aat in a laap structure (aaa p. 98 for

s a8y &aStriEtaan‘af'tha symbols uaad) 'The decision con-
trala the aatlan atraam ACtlDﬂ changaa tha state ar«'f“-
aandltlon of the syatam, here aalled tha ﬂEVel of . the

' system (cf. p.95). The actual level af ‘the: ayage ,
affaata tha 1nfarmatlan about tha level, whlc% is tha

basis far Eha decision.

&

3 -Aldaéislan;ia:typically=influaﬁaaa by a numbaflafriné
formation inputs. If every possible information input.
‘were to be included in the model perceivability would

- be lost. If, on tha‘athar'hana, 1mpartant variables
are not included in the model’ it cannot adaauataly’

rapfaaant the dynamla bahav1ar af the system.

i
fr“i‘

’ zﬁ! . -v ' .
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(mbout the
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i{>q;fi;f{ ~ Figure 7 . s
RN _ Thegtructure of a feeiﬁé;k:
+ " loop (from Forrester, 1968
The criterion for the system b@pﬁdafY*iéigiven by
‘Forrester (1968, p..4=2): B

"In cancépt a feedback systéﬁfis'a closed éystém;,Its
dynamic_ behavior -arises whitin its.internal structure.
Any interaction which is essential to the behavior mode
being investigated must be included insidethe system
In other words,
affects a decision which in turn has a significant
-effect on other model variables inén the pu;E?Se of
the study. N ' : oo

As an example;cbnﬁiigr_thérérqudents to "information

-

a variable cannot be .excluded ig it

ki 3
i

e
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basé"; they can be listed:

~“availablility of data bases
'cémpetitlve 31tuatran (between wholesalerys) .
:= cost of Storage

i

=‘:apaclty of the system iﬁétailaticn
None of these have precedents within the ISS/user/
funder system being studied. A possibility would be
that the users\influenced the -acquisitions but the
inférﬁatian .search market is essentially supply driven.

The cc 't for building a data bage. is very h;qh and the

motivation to take down a data base is low %1nce "the

number of datSEase’" is used as a marketing argument.

- Similarly "formats and channels"'are determined by

'facLQrs @uts;de the ISS/user/EUEder cystem.

.‘[jl

"Other components' utside the sys-

tem boundary. .-

e Price cculd be excluded ffam the madél on Slmllal

g_slnf:e in practice the Iss maﬁs,@n the costs

T %ﬁe wthéEaler, but this WGuld not be quite

since various pricing ;khemes are practiced

s lhg genérallty of the m@deﬁkwculd not have been
%giéjénﬁtrated withodt. the qiven aﬂaly51ﬁ of thé effect . - L
geAr  # :

&

g " price changes (see p. gl).zlt had to be shown that

userg” decision are not influenced significantly

Quality, as has already been discussed (see p. 23), is
!Dne'éf%thé determihéntg of sales, i.&. it 1isg one-of
the 1nputa to the ¢ ecisign of a potential user to

became ,a+u ig shown in Figure 8. The modeler’s

5%
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xquallty is shown to be a precedent to’:,

In Figure

"users” p; Bunsity to query". Here, by definition,. fy
LAY T :\:S
the pfecedents ‘to “quallty“‘w1th the exception of Q
C "f&? £

"dellvery delay" ‘are outside the system bcundary W

”_15 the assumptlgn of this study that new users and
_return users behave dlfferently, i.e, act on dlfferent
fsets of information 1nput . The propensity to query is
a measure of hdw often a user 'will return to the ISS'
Since he is already famlllar with the service, marketing

15 assumed nct tD 1nf1uencé ‘the decision to returﬂ.

The‘fépresentaticn'of these boundary crossings in the
system dynamics madel is typlially done by a c@nstamt
that represents the 1nf1uence of f. wtors, outside the
model on the model variables. When' the numer;cai‘valué&
of the‘c@ns;angﬁisgdetermined {t'is important ,to con-

sider the effects of all the [ acodefts.

The m@éeler’s .decision whether to comblﬂe two system"
- components; be tﬁey variables QT .constants, can be
facilitated by making a preceden:é matrix. In Figure
10 the graph of Figure 8 is re presented in this way.
From the matrix it can b seen that "assistance" and
"marketing" have the qami pfecadence 5,,,”the amount
of ataff not allocated to praductlon (ASM) , but’ since
thpy havv different auccedenta (rows 9 and 10) it is
?\ nDt w1thaut problem to LDmblnE the twa. Hawever, since
; *t is in practice difficult to ‘draw thé ‘line b?tWéEﬂ
‘ _;thEiasglstance and the marketlnj fungtlansllt is natural -
tﬁ“tthk in terms of a LDmblﬂed function, and in this
Ebc a matrix like the one in Figure 9 helps to

hgep tldck of the original precedence relationships

¥
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e abaut .800. From then on the growth is significantly

fwhlch are impgrtant ‘when' the interrelatlanshlps between

system components . are quantlfled i

wry 7

Aip%ecadéﬁceiﬁatrix also gives .an explicitVlis£' f
all the camp@nents 1eft éuts;de the system baund ary
(row 21) : <

The numerical values ch@sen for the parametersrof the
simulation. madel 1552 are .representative of an'iSé in
an azadem;c settlng' The qgantlfleé model represents
a Synthe5ls of 1n£armatlon “from literature sources
augmented by correspcndence with, and study visits
to" aperatlonal Iss” s, ds presented in Chapter three.

H

The 51mu1ated ISS thus be ins with a staff of three
persons. The average number Df searches per staff

is ten per week, amnd management tries to keep ﬂellvery
delay at half a week The patentlal market for the

1SS is 2 000°y

fs, eaéh having a normal 1nfarmat10ﬁ

"heed of alm@st two searches per_year. Figures 11-a

and 11-b show the behavior of the syatém variables’

rebultlnq from a simulation run of the first 240 weekg

of operation.

The simulated I%S grows rapldly in terms Df the number

'ﬁ:@f ‘users f@r the first 60 weeks, and then the typical

decllna ln grgyth occurs whgn the number of users is

Ty
‘lawer, but the ISS is satlsfylng the funder s eccnomic

Léqp;fements T Since: the deLlVély delay is maintained

‘?th§7end af tﬁe 240 week .The numbel of users at

“that time is ll37 Wthh means a market ‘penetration of

i

57 pelcent The ISS ;Ecglves 35 search quuests per
4 54‘§Q

week, and- the number of\ﬂew usews is 25 per week, which

! ’ p‘gx

L
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Figure 11-b
Reference run of ISS2 (part II)
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. means "that the percentage of "return users" is 29.

‘The overall behavior of the model conforms well with
- the typical development whichlwas.given as part af the
problem statement. (see p.56). When it comes to comparing
the volume of business problems arise due to the lack
of standards fDr statistics which was discussed in
ﬁDChapter one (see P.27). There is also a difference
between the mﬁﬂel and the statistics that are kept

‘in the model the users are counted when they decide

-]
3

to bEEEmE USEFS— in the statist;is users are not knawn

untll they have actually submitted a quexy tD the ISS:
. In the lang run the figures will be. camparable, but in

short run simulations the model w;ll show a much h;qher

entry rate of users.

Y

Sincg 1SS2 represents a typical service, i.e. is
general model,. variations in actual numbers will occur

when the results are compared to any particular ISS.

chever,‘the purpose Df the présent study is not to
make predictive statements reqafdlnq spe:1f1c“§alués
of system variables. In a Sltuatan where measgfement
noise is a reality, which is the case in the pfesant
study, attempts t@ make p01nt predléﬁéaﬁs are likely
to be unsucessful. Thé reasons for this is diééﬁééed

by F@rrester'(lgél, Appendix K) who concludes:

"If the presence Ef noise is admitted, we must necessarily
come to the conclusion that even the perfect model may not
be a useful predictor of the specific future state of the
system it represents. This does not keep the model from
being a useful predictor of system improvement that will
come from design changes". (p. 431)

w

An a%sessment of the reallsm of the simulatlon results

cwill have to be made 1n more qéneral terms. For this

i

e
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pﬁrpgseééeVeral-pégfarmanGé’reléted‘énd operational *
measiured, were listed as part»mf'thé_Simulaticns"fuhs 
(seé p. 156) and together with the model variables in. .
Figure 4 in Chapter three thése measures provide a Lt
basis for judging the realism of tﬁe simulétighs ’

results. -’

Laaking at the NASIC/MIT service we can make some com-—
SDQS;EQI the first‘twc‘yeafg. Thereafter this bé—,

| e difficult since the Slmulatlcns results give
an’ expansion in staff whereas the NASIC/MIT service has -

had a constant staff.

The total ntmber of searches during thetfifst'year of
Dperatién was 316 at NASIC/MIT (Eenenfeld et al., 1975) ;
thé simulated result for ISS2 is 324, The percentagék

of return users is a bit lower for ISS52, about 20%
compared to anut BQ% for NASIC/MiTE but thzs ié a
consequence of the -different representation of.users:
mentioned abové. Both NASIC/MIT and ISS2 show, however,
an increasing percentage for returﬁ useré (pérsonai
cammunication, August, 1976). For 15852 this can be

seen by inspecting the simulation result (Figure ll-a):
~growth in"wincoming queries is, for the second half of

the simiTation run, higher than the growth in user |
entries. After about two years the query backlog foé

ISS2 is about 18; inspection of the NASIC/MIT appointment
calendar at the cérgﬁspo nding time gave a value of
10-15. Hjerppe (1975, p. 125) reports a backlog of
10-20 search requests. The annual growth rate for ISS2
at this time is about 30% which is consistent with an
estimate from a Stanford study (Program in Information

Technology and Telecommunicati@ns, 1976, p. 15) when
oné considers that the averége age of operational

1S$¥s at the time was about two years (see Chapter
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four, p. 178 for a discussion).

i

" Based on‘an ésséssment éf-thiéjkind;ﬁé'find the be-

havior of the 51mulat1nn model to be reallstlc in
bnth,qualltatlve and qnantltat;ve terms.:Ey analyzing
the; underlylng forces ‘we can nbtaln an explanatlnn
for the behaV1nr The fnllnw&ng analySLS will Show,u
that the decl;ne in growth ;5 a. ﬂlrect cnnsequence ,
of market réspcnses to. the 18§ nperatlnns‘ '

£

ad

"The “natural" gfnwth of the ISS (loop U1) is amplified

during the firétsyeé%Ewhen the -volume of queries is

1nsuff1c;ent to cnnflict with- the marketlng aCthltlES.

Users are attracteé to the ‘service- by relatlvely inten=

SLVS marketlng, aﬁequate 3551stanne, and dellvery delay
that is practlcally @n par whith th51r requirements: -
As more and more resnurnes are needed for ppoduction,
a dé;llnlng effect f;nm;marketlng and-a531gfnnce on

the entpy rate cinnanBf'follQWS{

Théhfeactive charactér of the allocation policy means
that the ISS management nnly allocates resources to
prcductlnn based Gn an éstabllahed need, réflected by

" an increase ln thé;gﬂerlég ‘in process (lnnp Q?) The

s of users leads to 1ncreas;nq
dlfflcultles in Eeeplng the dellvery delay at the norm:
The adverse effnnts on the exlstlng users” propensity.
to qﬁéff are counteracted by an increase in the alloca-

tion of staff to PIGdULthﬂ and for the first. 60 weeks

.the grnpen51ty to query does not drop much below nnrmalq

Afterwards, a substantigl decrease in propensity causes
a negative effdct on the query rate (loop Q6). The
effect from the increase in delivery delay on entry
rdte'(lnoP U2)is slower in developing since the poten-

Py

fmdo not have first hand»exﬁﬁrience-wlth the

‘tial u’
¢ y

-,



- Pétéﬂtlal uéers have ade an agsessment @f the serv1ce,
it is diffucult fcr “the IS8 to change it. Unsatisfied -

sat

‘users natqr%lli

IsS change. 5@V151ng the thEﬂtlal -users: perceptlgn is
B : aig

are less 1ncllneq to pay attention tc

a slow prccess. .

zFar the first 60 weeks the awarenass of the serp CE“
‘grow1ng and the word- ofémauth efféct or the ef%ec

now

from market penetrat:én, contrlbuteseﬁo the "inc

rate of growth on'users (loop U4). -The typlcal ISS

does not experience market saturat;an effects,

&

R
[

iﬁe effect from marketing and assistancée on éntry ‘rate .
15 decr2351ng for the flfst 7D geeks whlch causes a

\»ff

due 'to the recognition of the nee@ or 3551staﬂce fof
the growing number of users (1éap Us) but also helpea‘ ?
by the, increasing mnegative effect from dellvery on 5
entry rate. Thla latter effect reduces the qrowth in
users (1D¢p U2), so that'-the relative effect of the
allocation of staff to marketing and assistaﬁcé is in-

L]

creasingg‘

The cause of the oversh@@t in entry rate and the i
resulting dramatic decllne in the quwth ﬁf the nuqbel-?

of usérs lS the decline in Staff capaclty available

for marketlng as a consequence of the necessary alloca-

tion of ‘staff for praduction ;eﬁfch;ng), Th& flow of
incoming gqueries remains too stfongrto enable the ISS -
to keep delivery delays at the norm - a condition which

will have an“incremental effect on' the decrease in entry




,rate,(fbap Uz}:

’ v;dlng adequate assistance to every user: while maln—

83

iThe initial growth of the IES is driven primarily by
“the rélatlvely high marketlng éffcrt during the first

year. Low awareness S&f the ISS 15 Glted as one cause L
@f fallure 'to* gr @w (Carmcn, 1973), anﬂ other stud;es : ( )

'
K‘

{suppart the nec2551ty Gf marketlng actiV1tles to |, . i

aﬁh;eve growth '(Berk, 1974) . However, it is ;mgortant .
keep the delivery delay at an aczeptable level dince

lS the prlﬂclpal determlﬂant Qf service quallty Lo |
tHe problem facing 'the ISS management is to balance the
Go”fltménts to the.,users. Acaegting a user means a com-'
mitment tc spend resources on assistan:e but also implies-

a anger term cammltment ta answer’ submltted queries,

ThlS latter cammltment is not always rec@gnlzed as beinq
long—term but observed behaviergcf IS5 s indicates that

the demand for re%@uxces for: product;on per user does
1ncreaae after a few years.

4 B ’ ' ' - i N ;Y

The dlfflculty in‘findlng an ideal balance, i.e. pras

taining the ﬂellvery-éZEéy goal, 1is illustrated by

‘these results. Delays of various magnitude dependent

on the effects of the ISS operations résult in degl—’

sions by users and potentlal users. H;gh user expectaa
tions are generated and maﬂagement hasg dlfflcultles 1n
responding adequately to the damand for aésigtaﬂce as

Well as for searching. ’

=

The "predicament of the ISS méﬁagement is complicated

7by the funder-s reactions. The different phasing of

the user%‘ needs for productian‘and assistance makes

it difficult to. avoid dlssap01ntment in. DnefreSpect

or the other If too much emphas;s is placed on EatlSel;
fying the need f@r éssistance then the. dgfiv%’ysdelay

. E f )

e

o
ey
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is longer, dlSC@Ufaglng users fram -entering’ (loop UZ) o
| Eventually, the funder~s’ w;lg;ngngss to supp@rg_thé-
service (1cop §11) is reduced which hinders expansion .
and retards growth. If the prpﬂuctlan aspect is neglec—
ted, th%jacanam1c constrainit. on hiring can became b;nding:

k j'(lgaps S$12 and 813).

If too’little emphasis is placed on marketing and assi- .

stance some-users are: dlsccuraged fr@m us;ng the serv;cé
" and since dellvery delays are relatlvaly shért, no -
visible ]ustlflcatlan EXLStS for expandlng the service
{Lloop SlD). Tﬁls "no-win" situation.is sometimes a .
?;?rea;;ty, i.er t@ jUEtlfy expansian\mfﬁstaff an in-/

crease iﬂ;ma;ketlng effort 'is needed, requiring ma?e

- staff.

L8

V1. FURTHER ANALYSIS OF MANAGERIAL DECISIDN MAKING
FOR AN ISS ‘

=
Rt

éiaisEgﬁsiéﬂPéfsdevél@pmenté in the market for scien-
tific and technical information offers additional per-
spectives on the situation of the .ISS manager§; The
‘decline in batch oriented systems for the dissemina-
tion Df‘STT (SDI SEIVlCeS) SPaWned much activity in
the 1nfcrmatlon sc1ence flelﬂ related to 1nvest1gat1ng - v
the applicability of on-line techniques for STI disse-
~mination. The new technique changed the nature ,of the
ifnformation ser§ice>prgvided; the Subséfiptioﬁ orienta-"
. ,tion was, replaced by a deQand search érientati@ﬁ, similar
in concept to a "retf@spééﬁive search". Demand search
- added the capabllity of providing interaction and o
mad;ticat;on.ci the.qgery during the actual search.
The ;épnamics of the}new technique proved discéuraging.

Firstly, the hardware itself waj/relatively costly even

==
7
e
&
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E oY Qviﬂing anly a minimal servige. Seeendly,k:ﬂe :
;gf ea&t di the iﬂformatiﬂn bases and their indlces
?ffi inexagsaﬁ significantly. As a consequence ‘of the eco-
' fggmfé”q;fficulties fér small’ indepéndent centers,‘a

k

. et structure develaped where thé maintenance of :

"the large infarmatian bases r@}ieé on a relatively ggir

small nﬁmber of "infcrmatian wh@;esalers“, who also

: prav1de the infarmatiah prgcessiﬂg rescurces néeded

. for searching (Gardner et al., 1974, E? 2). The I8§7s.  §
;bﬂstudled here aré “inf@rmatlgn retailerg" and the ISS |
management are limltéd tD external dev%lapment Df soft-

ware far the SerV1EE ahd 1nfarmatlcn a:quiSJtién.”

The’ purpase @f this SéGti@h is té ﬂiscusg possible f ,
. managerlal actions anﬂ their effects, glven the limita—'
, tions ﬂlctated hy the stiucture of the STI market -and
§ _””che detarmlnaﬁbs f@r staff hlring as madeled prev;ausly

\ v

Different emphasis on marketing = s

b

I .
BIat 98 _ O

“}ﬁérksting_%sf59metimestcaﬁsiaeréd'the_Péu?éxgll" for LG
I887s. It is true that the typlcal ISS has insufficient
marketing resources, but if marketlng is Dvgrﬁempha51zed
an adverse effect on del;very delays can emerge to. 11m1t

. resources evenim@re ‘necessary _to coripensate for the .y,

” krelatlvely l@ngfdelivery delay R L

N Figure-l? {ﬂljys ‘the result Qf a 31mulat1an Aun 1ﬁdlca= -
- tlngetgc much émph351s on msrketlng and agsmétanéa;iThe

: number af users graws 1ﬂ1tially as’” fast as in the
..

: wadifféfent) then 1evels @ut just §Véf BOD Tha number

L of users a@eg not:. déLllﬂ% in- spite of the adverse L
effects fr@m the l@ﬁg dellvery delay, Elnﬂé the effect'
' fr@m markgtlng and asslstaﬂce on Eﬁtry rate is relatively .

E YN

. B : . . .
' . . : .
. A= o ) 9 ¥




; high The 1ang aelivery delay 133&5 ta a stxangﬁneeé 'f¥ . :
tc ezpana staff but alsa reduees the funder”s willingn'

ness to suppart the service. The ISS is alsa hinderei
fram expansiaﬂ by the ecgngmﬁc cqastraint because of
the low vclume of queries pér stéffj ‘The result is a.i

Igj "marketinq trap“ with the lgng delivery delay reducing - {_;t;

;u : thﬁ ﬁSer5a perEﬂSity to querty As a céngequence the s
markéting effért must 1ncrease to attractgm@re uaérsx . B
to c@mpen§ate for the le propensity to. gu*y. Hawev&r, ;

| such an increase divérts rescurces from praéucti@ﬂ and S

- the delivery delay situation wauld vorsen, ~

.

L

gr The. change made in the simulaticn to give Flgure 120 B \3?“*
refle@ts an iﬂcrease in the indicated néed for ‘'staff
tc marketing in lacp U5. There are, hg%everg mther ways

) - for mgnagemént t‘ emphasize markéting, the ﬂhaﬂge in_
albggati@n @f re,@urces (1aDp @) can be made, more . ) L »'l

(yslowly. This ‘mean that the égessure to Eealiacateg - ‘

- gﬁaff Qﬁcws that uch a 'Dllcy is not advisahle, The ﬁ 1, ‘33;};
1mme§1ate effect is that dgliverj'deléys increase »~ "FQAX 9
_lndlcatlng a ne _,fDrdmare stdff,, whlch i affégted v : (f
by hlres (1Dap-€;ﬁ°i* = expan,ion is not hlnéer d by R 9

{f”"reéuct;an in the funder ‘5 WLLlingnesS to suppa:t th ) R

\,SEIV1ZE (léop,511) nce the funder requres é relativély

“’31
ianq time td form an. cpig{;n aboyt the quallty of “the’

i

servicé. Tha grcwth jn pOth users, (loop U2) a
jc :onst: ;nt*

d” quézies ' i,

x(laap QE) 13 retafded and, the ECQHQ L
A (lagp Slzfyxt@qether with at redtced W{%llngneslfdnsf S
R‘the Qart ‘of the funﬁez (loop Sll),_W1ll soon - IéSﬁEE‘ :
;A feductiaﬁ of stﬁf . After this” reducﬁgan éhe be=}

A hav1§r af the ~model is slmilar to tﬂe reference ruﬁ, S

b:} the result Qﬁ thef‘fgratlbns duILng ‘the 240 wegks
i
©in terms af 5taff éxpan ;@P are GdﬁﬂﬁELEE ed by mazket .
e Q\ - * . ﬂ\/ .

'g@ﬁSPGnSéS - SR _._,’ ) L :

W@rSEﬁln bath users an queﬁges ‘Short téfmfsﬂcc255§s

= T
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The size Ef g&e pcﬁential market can be: gDVernéd by _
the- institutianal setting, and it might not be pcssible
to impDSE disgriminat%;y rules regarding whg may and may
;.,_ncxt became a. user It is ccmmcm, hgwever, to allaw the o
C ISS,ia the;' Ehe potential user popglgtiﬁn beycnd{the .o
’v* | Hbéu'ﬁ:dary of ‘tsksrganlzaticnal host; xand ‘thi s pglicy ;

:Ls s@metimgs 3 ) ease g;‘tj}fth SLmulat;Dn rﬁ .
TR , ’pplic'_y gives Lo
: -lr,ﬁé size c::f the, pc;rten- T

*

©"of. pz:@grge, tha sizé c:f the gotent;al markeﬁ‘;ﬂnugt be ' ' S
IS :

a relataﬁ to. “the avail hle &aff Initiail?‘the number‘

#}’f étaff f& a tYPi,;_l-'ISS is Small whic;h cau% be .‘
‘tdken to :Lﬂch.cate thdt a redu«:tian of .thé ‘sizk of thé st
p@ter‘xtlal market- WGLLQ be bétter Simulat;an runs with” R
the mcdel show -that a reductién of the: number Gf Paten— o
tial users from 2 000  to 700 éifves better result 1n :’?
qualltatlve tefms, i, e.:. 1rx te:r:rr‘ Df assistarxée glven Sy

: ) and delivery delay, hut since the f no v;slble n[eed ‘

i
for expans;f (loop S%D) , the staff i’ not. 1ncreased. _

P

With the sta§f of three' the ISS suc:r:eas in attrac:-tlng A "H-

Sb% perc;ent i the (reduced) potentialuferg : LI a
The tual size- ogthe pgtent14 mérnket is dlfflcult(t

de();, ineig;{agtly Thet s;.mulati@n results ;nﬂlca@aﬁ v %

\ ‘danger in Qverfestrlqting the: rnarket-' so that while .« ff- L

,3 i ,’crease n the potential farket, causes t:)nly s‘llght '

, Ehangés in. téefuéntlt;ve result.s of the" 1SS DPEfatl"&I‘{S, o ‘ié:_

at. least ﬁ@rmal" e}ipang"ign is pc:ss;.ble  §"[ <o ifj e
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ik 'éérs :L as};gits@reﬂ

‘:,;but allso. to' help | -
then 11@1[; themselves An@,t;hg Lrageon - 1s ‘that #n edi- g
éated user has mare Tealist}é expectatlgns reqarding i

the 1nfbrmatién searsh‘sérv1ce.e

N 7 . = . . o =
f . . - ' . i . . -

ISS, like many éthér4

i

With regard to delivery deliy in pérticulér, over- :f%gv . :‘
egpegtatlén has beeﬁ qammon The general ﬁandengy ta
Dverestlmate the'spéed of c@mputerlsaﬂ processes is v ff W
Eart of the reasan fcr‘thls, but  the: &SS” s)have also ,-'  1@
reiﬁicrced the lmp12551cﬁ bl?ﬁﬁgeallng to this blas ;:L_ h_é; 
.-in. %he;r advertlslngaand matket@ng The resulﬁlnq '_'Ai
d;sappaintment effect whengit begames clear that the o ;";“
155 dces n@t give “‘nstant accezs" ta thepllteratufef, '

: ' &
. is greater than it neé% ba , Tﬁ EQZ)
CIDRE SN ot L :

E?’The(slmulatifg mof el was run w;th reduced sené}t1v1tyff
on the ug:f nf: gbe ﬁbtentlal use:s, '

,té dellvery dela
‘ire delivery delay has ° =z
to beéﬁ a usar.,The re~. i
given in Flgure 13, 'ahd shuws a .sjie

campared EQ tﬂ% referep e run,

}%- D jﬁ( , @ ﬁ\@\&

r the Qtentlal usérs Be;ng{%gssgS%.i;tlv%ﬁgﬁsdellf Lo

Y dela s, actu%i; 5§ is mot/discouraged, and.t

ifSS retains /wore .d its buslagss in s 1tepaf§§“ﬂecreas‘ ;_

B lﬂ the %ﬁggen51ty to quéry\sa tHat- EEQHEEiDD\IS p3551ble
'Staif grows—mto 53 at the end of the 240 Waeks ah%;%§3 e \;
numbef-rtzf dskrs 1s.1450; The 1s8 gets 43.15 se.a:,_;k e

= =

rrequésts per week and 32

L |
" ' A
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v The grawth curve fcr the number af user 1n Figure 13
EQW ‘\has a "kink" around week 65 ‘But the IEVE ing off is
n@t nearly .as dramatic as in \the reference run. The | .

L quantitative rgsglts from the gimulatian compare

73 '“’ favorably with,a Eimulaticn where the: funder imposes’

‘ _~ no constraintkz n the expansian 'Gf, s;gﬁf "In DEi

| werds the negative effects fram DVérexpectatign-Q
q%rding 1lv2§y deléy can_ ‘iphibit grawth almost as i!‘-,i.%

kﬂ’haéizes the

ating messages -

‘much as the funder” s c@nstraints. This’
impdrtance for-TsSs managers that the mark ’
and user eduqatién programs cgnvey a. realistic pieture_ﬁaﬁﬁ

“ i T
: ‘tf'expectatiens ;n terms of delivery delays.“ g B
' VII CDNCLUSIDNS FRDM THE SIMULATION EXPERIMENTS ‘ ‘53
o Fram thié analysis of inf@rmatléh search services aﬁ&‘ vﬁﬁf;
{;;i; ffram the cpmfﬁfer 31mulaticns Of tge ISS m@dal we can 7 _
o draw the fallgw1ng ccncljjl;géi-f~{ oy 515“';': C

1 The af en exparlanced decline in gzawth 1n*,ﬁe R
' nuiber 'of users cah be explained-as a natural o
consequence of mazket resgcnses tD Ehe Iss - .. o~
operations. : . S

ey N

. The Iss managemEEt is in a cantraﬂigtary
situatjon where lpng delivery: delays. pr
rﬁa,ustlf cation.for. ‘expansion buty inhibit )
‘ A" redlction, in the sensitivity to deliveyy db
g by appropriate mafkétlng and -user educatl'n,
is §n effective way to alleviate ‘this prcblém

,_J'f SR .AMarkeﬁlng 15 ‘not a cure—all for ISS”s and Dver—

e §ii7v* Qphasis .on marketing can beﬁhzfifgl for the
Lo * growth of the ‘188, especially {f the- funder -, ,-
ENL A has a constraint rélating to the volume, 6f

. -+ ‘business per staff, in which case there is
ey o a pcnent;él Mmag etlng ¢ra%“ e .
! & tgifgﬂ . - ﬂ»%g' . - T

Bl  4_'fnCrEﬁ$lhg$thE-§1;é cf the potential market
. ,i° might ot/ leac

to significant increase in -
gfiiéiently larggﬁmarket is

'ff”:'fti;{; 7 s&fzng "n@rma%; grawth . Jiﬁ e
f,.?£ ;>77 S v ;
e e T :
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,hf"The descripti&n of the ISS/user/funder sys%gm thaé&%as
’ given both Qérbally and in form of causal 1Dép diagrams
in the farng part.of, chapter two wgs the basis for
the develcpment of the simulatibn model ISS52. Basea on
. results from simulatian éxperiments with this*m@del

_-the analysis and gcnelusigns e_;;he latter partrgﬁ the

:hapter were made. : : .
18S2 is a system dynamics ﬁade;J This methodology is S
described by Farréster"ﬂlgél, 1963) Goodman (1974) : b
a.0. The’ 1anguag used f@r the simulations is DXNAMG o
II, which is deé‘_’ibed in’ Pugh (1973) |

i

If MODELING TDDLS

Cgﬂceptua;ly a system dynamlcs model is a system éf
,t}ans of the fDllDwing form:

‘}dlfférenﬁlal e

"
I
]

(1)
. {' o - - .V:¥_Lir' ST . ] - i .
' where L 15 the vectcr of "levais" R is the vect@r af;i« :

fates", A 1§$t fye:t@ftéf aqf;l;aqy Variab%és" an&\
> e )

t ig time. . % , %)ﬁ s J
» ’ C < ’ '

K

—
I -
"N

s

Tt LT . s

- . 7 4 Y
» ‘k%igx}evel rép#%s

ation, e.g. emplcy&es;:a-

| pcpu ation @f custcmeﬂ§¥ A rate
’”',5tem such as fi§w af mghey, streams

=

répresents a deqisign iy Ehe sys ‘em. Ah aﬁ*i
able is used tfo break d fthEQdeciéiéh;fﬁw

gﬂ!re detalled‘parts, which sametiﬁ%s is;
e clar;ty >
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Eéuaﬁians (1) and . (2) can Eé';epresentéd b& a féedbéck
loop (Figure 1)'Mith the arrow fr@m rates to levels
_ reprEEEnting 1ntegratian. " '

I

T

;Ccnsiéer.axtank Df water wiﬁh b&fhliﬁflcwxval§eé aﬁa

: cutflaw valves as an : mple‘ The lﬂlew rat® causes .

'the level of water tg’rﬁge and the cutfl@w rate causesﬁ»
it ta be lawer.iAt any paint in’ ﬂime thé level. of watef

e

‘is équal to the’ lnltlal léVEl pluE the nat effect of .
. “the 1nflcw}and @utflaw ug till thaﬁ tlgé. Thus’ the wa-.
. rer “level 15 glven by e NG Y

A

?H v Ltﬂé L, T+ f (IF - DF)dt &3)

1

"ﬁﬁéré’Lt is’ the le)el of water at any. given time t
théiéggxlal lev ,fﬁf water- (at . tlmé t=Qo <

the lnflaw;rate “’“w %

5 the cutfl@w rate: }?ﬁf
Qpératar.»




B

equations defining -the rates must also bé known.

/ i% i (witth human Qperataxs the inflow rate could de- S
PE

_statéﬁent that de crlbes hdw dac;51aﬁé are mada,;hg,

) R

ate the variable .. X

. Lx- M eine = L
;‘ *L.j Previgus Value Df level (at time ;VJ} ‘“{
DT = the elapsed time between ;fﬂéfégj'and
K ‘time = K ' , v
IFQQK\= the galue of ‘the inflow rate durlng -
' 7# ‘the ;nterval JK°
OF.JK = the value of the. autflgw rate during
the inferval JK - E_' ! ‘:{‘ o '

?*theg“ﬁ; ﬁ‘\

In éraéf:té-campute the_aétualvvalue Eﬁ;theﬂlw

~general form for a rate equation is: o S s
R.KL = f (levels) - (5) YA
i%When ‘the valués Df. L
tlme K tHE rates f i
can ba detér%}ned. ﬁh
Df 1evel . Taklng, ag .

the outflow rate could be Pr@partlanal to the amsunt
of wate in the tank If the water tank is part af a
d on hew much the volume of water in the tank dlf-‘ BRI

fers fram a@d551red vg&ume.: ’ ﬁ- T jr_éqg

In thls latter case the igflcw rate depends Dn the

¢geratgrs ﬂEGL51gE, ana the rate equat;@n is . a pmlfcy'°

4y

%gglcy“ have a bréaé&meanlng

& L]

i C‘ "They go. beYénd the ugual human declsians and 1nclude the ) f ) ib’f o

cgnfmgl precesses that - are 1mplic;t in system structyre
and 'in habit ahd treditiony ﬂg_;ate equatlan (or polif
Sta'n;:,t) mlght descrlbe hﬁw the hlrlng rate in a ffim -




peopl }'1jc sxualgcccancs
'wdthin an crganizaticn, a rctc cquaticn'hight represent the
explicit policies that control inventory ordering on’ thc basis )
cfcncrcnt:uwcnﬁny-acicwcﬁixgsahaaratci
¥ . -
.. The rate cquatlcnc are more subtle than the 1cvc1 equations..
“/ | .The rate equations state our perception of how.the- real-system -
o dicisions respond to the circumstances su;rcunding the decision
o0 pcint. (Mass, 1975, p. 164),. | 3

Eti diaqf?m% v’:' . . e '. - . t *J'#_\ :

_ thn ccvclcplcg a cystcm dynamlcsi

CllﬁlEQ rcprcsict auxil;cf'

. e F;gurc 2 7 é\ L

. : a ' inzplc cf ﬁi £

g

“5;_

,l £ ‘ - * oo , .
AU LW g all. -
Lt . . . e
. - . Wl . - ' 5
B : < ' = - P &
‘ : ¢ 7 % A . 3. . . L
: : . - o . . o ® . . ; . , s C
" N i . L . i e * < = Ealr
= (Y L \{ . : £ . il . -
. . B . - - "' fe . i
[ . . o, 2 : . . )
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- In this example the sclid arrow. thr@ugh ER into U ré- -
presents ‘the flow of users. The arrcw starts in a -cloud-
like - symbal which is called a . “a@urce“ ‘Here there is

f only an. inflow ‘of ‘users; butfif there had been an out-
flow as well this weuld have been represented by an

" arrow g@lng into angthér glaudsliké symbol which thénf
wauld have been.called a "sink". Information links
are 111ustratad by dashed arrcws gaing from any 1evel; ' '; }
or auxiliary variable to each auxiliary varlable Dr_ A

~ rate affectea by~ it- Information “take- @ff" is shown ’

:“by a small circle. Canstants ‘are drawn /as . shgrt sclid!

L e

_ llnes next to the namé of the canstant *In Figure 2
 ,we see that. Ehe rearultable pcpulaticn R. depénﬂs én‘uipaZJ;l
' both the current number Qf users U ana thEathential ;-w; _%gA
=1:,):::1::1.;1at.it‘;:ﬂ P. E | ﬁg’, o T ,@

4 £ o

> The number in ‘the symbcls fDrﬁlevels, rates, anﬂ - {i“
) e * 7 i Y
'auxlllaflii is tha number qgtte L
_tha*iESp iVE yaria le..

b :
e

—

s MENTDR prcgram (Pugh 1973) prgv;des a ﬁade{ list;ng ’ E
.g:leth deflnltlans of quantlty names,\and ;nf@rmatlcn .:f v A
E abgut equat;an number and: type. The deelﬁin Flgure Egjgf- ’

would appear:as féllcws in. the DOCUMENTOR fgrmat-; T

»"“,—{lﬁ : i > o .

"U.K = U?J’ + (DT);{(_ER;JK) o S, L
E& , UN = 0 . S S - T
“ .., . U = USERS: (USERS) =y
- e ER '~ ENTRY RATE (USERS/WEEK) R T
o ’QJN ,IlN‘ITtIAg'_. NO. OF*USERS -~ = =i .
g _* !?x -::‘. E‘
K . LT 'L. ) .
2 - D g : .i\ S o ta
_ x C & T R e
( i, ._ :_ g‘\; g‘ .. ' ;
R : “.:‘;{"’ .;* 16 y 1; ¢ ) = ’
- LT . . s ,L: J - ;
$ ' L G= :



=
i

5

'IV'Q'G = 0.0378 1. e 2uwg
ﬁ;ffgff _“EEV»E ENTngRATE (USERS/WEEK) i ;_ "' .
I s RECR&ITA@LEfPDEULATION "ﬁ': - -‘_"

(USERS) ‘ﬁ\‘ N ‘

~ ~ GROWTH CDNSTANT (FRACTIDN/
- o WEEK) '

ol
I\

-

. p= 200@ Lo o 3y

- f o R E'REQRUIi!%LE PDPULATIGN ) o
e (USERS) S '~j A -
: Pf}= PGTENTIAE paPUﬂiTIDN N
S " (USERS)., e . .
. oo - ﬁi | '
R | A USERSsd&EERS) s i
5. - Lo - ’li:ﬂ:

;ﬁ:;fihé/firsﬁ lineﬁ§f=@his%éx%mp¥éiié?thé equéi?gﬁ;agfih;? ‘fn
:;’iQES?#E numbei cﬁ uéérs;zvﬁgéh?is a 1ével ¥ab'g§y gfﬁeh v
R o | ’K.*This number s equal to the- ﬁumber of, pse;s at

;'ftﬁqg;reviaus point in time iZElus ,the value of the' énaflfi'

’:f ftry rate ER dur;ng the ti@e lgterval JK- mult;plled by ,
[ wthe ieng@h @f the tlme 1n:erval T Thé "1,,L" to the
- ,u ]

'he equaticn number and type;
o be found in the £low dlaaﬁ_

;can be Dne of the f@llawrng-

";idenating %gyei IR ” . S ﬂé' s ﬁﬁ!j'¢§

ézﬁb: iN aen@ting 13%;ial%ya ie" of level SR
S 1R i Qt;ng rate ’ : , E
” :, A den@tiﬁg aux;llaf" SR . IR
,1*“;;' o C; den@tlﬁg)EBﬂStant ) o
P C oy
:g & | o




' . The second line of the’example is.an initial Valué
assignment indicating.therinitial humber of users to
be equal to the constant UN, which is speéifieg in the

next line as a constant héving’tﬁe value zero,.

The variable némes appeariﬂg in the éﬁuatién-aré‘thén
listed together with their definltions InvparenthésesA
are given the units of measu:ement . b - o
The fourth equation of ghé example ("2, R") isré rate
‘equation des&fibiﬁg the entry rate ER. It says that

for each coming time lntEPval of unit length the- entry :
rate is equal to a growth constant times the number cf
recruitable uSers R. The units for ER is users/week 7
but this does th mean that thé gsoultion time interval
DT ;5 one week: DT 'is specified separately as a cantr@l )
parametér for the execution of the 51mulatlcn pragram ]
and specifies’ the. time between successive calculation
of the values of the model variables. Sln:e the grawth
constant 1is equal to. 0. 6372 the entry rate, measured

in users/week, T is. equal to 0.0374 t1m27 the number of

recruitable users.
’ . . |

_Equation 3 is' an auxiliary equation indicated by "A" to .
the right. It defines the recruitable pepulation as

" the difference between the thEﬂtlal papulatlcn P and

~the current. number Df users U K. ,\x

Equationé'z and 3 illustrate the use of auxiliary .
,equatlens it wculd have been p@ss;ble to define the

equatlan for the entry rate. dlrectly as ER.KL =, (P -

U.K) x G. In this simple example perhaps clarity is
f not lost but when the equations are more complex this

can happen.




. Coe R N Fe?, T
, The’ example discussed above 15 a ‘gystén a mtcs.idapta—
.. 'tion’ of 'a dynami¢ .model presented by’ Wi_EZ_i .;zxfér‘ ,

_i  charad&erizing the- grawthgpatte:ns of ° L A ,$gt11%z§if
tion. Ware”s grc}wth model ' 1is baseF on th& r ’
first—arder Equati?n' ‘ L _ ;;;;f- , i%f:i;_

e A e
e : { / | -%%:;' G x LE\ U{ § ;‘* j»_ | J
o g; ij‘ R g
“The ﬁatatian has been transfqrmed to con:

’ définitimns glven aEDVE. Theiccrrespand nce‘beﬁween Co
the system dynamics madel and the dif' rential equaﬂ;_ ;
tiDn is easier t@ see frcm the foll ,ing Set Gf equa—

! tiDﬂS | ﬁ; (,
L ER = U =g xR | (';; .
¢ - dt. A
o R = P-U |, (8)

> This is also a practical 1llustratlcn of ‘'what was sald
lnltlalfy about the conceptual foundatiop of - system -

dynamics being a system of differential equat;gns of”’

the form given by-equatiéﬂ (1) and. (2) which are , -2 '
reprinted here: ’ T
° v oo AL g L e
. 5. = dt 57 f (p) (%d
‘A = G (L), A - (10)
where L is -a vector of ﬁlévels“f R is the veqtcf"éf
"rates", A . is the vector of "auxiliary variables"
and t is time. SR & o
~In Lhe f@llaw1ng all eguations will be given in the .

D¥NAMD form. Camm@n n@tatlons f@r these equat;cns aregf’

summa;;zed as ipllaws.




. !‘

the vafiable naine - separated from 1t by a

ervals aécarding to the f@llawing

IN ALL EQUATIQNE ‘time indices are writtet

=

' ¢ ﬂ—g“
‘T' ME INDICES dencte both point in t;mes and time

| -,b*‘:ﬁ \éenates the previaus péint in
: Co .time and is used in level and ~
auxlllary equatlcn -
.

. K denates the current “point in
Ly Fime “and 'is used in level and
I aux;llary equatlons

JK tdenctes the time interval between
.J and K and is used in rate equa-

‘equatlans cgﬂtalnlng ‘a varlable
. .that is or will be Sm@@thed - "

" see p. 105)

S KL denates ‘the time lnterval between
R ©° K &nd the succeeding 901nt in
: - . time, L, and is used in ratﬁ
' BN f' equatlons
DT dén@tes the length of the tlme lnterval between
successive calculations of the values.of the m@del

evarlables and is used in- level equatlons.‘

functions

- twWween variables.

" Special Functions in DYNAMO

The DYNAMO. compiler -can perf@zm.a'number~@f'special
(see Forrester, 1968, chapter- 8), some of
WhlEh are used in the madel ISSE ' ‘

#

ThErTABLE functlon glveg the numaflcal values of a

dEPEnﬂent variable as a function of an argument (1n—
dependent varalble) by perfafmlng llnear ;ﬂtérpéla=
tion between palntq in a table. Thlq is a canvenlént‘.
way of expr2251ng e.g. non- 11near félatlDﬁShlpE be-
The formats Gf the equations needed

"arée the following:



- - | . o , B . N 0
‘loq e e " "‘ N . , ‘ . ' : - L. - K !J.
% V o | ST f;_
: DV.K = TABLE(TNAME, IV.K, N1, N2, N3) u, A
TNAME = EL/E2/ =~ = = /EL *© - . ‘n.l, T -
'whé;eiDV;K‘ is the 'name of the dependent variable
'TABLE is the~functldn name ‘ : f
"TNAME - is the name of the table on which the
: , function is to operate - f.. o
IV.K, 'is the name of the lndépendent variable
- . for which the corresponding table entry
is to be located.(level or auxiliary
. - variable) , : :
" N1 is the value of IV.K at which the first

) ‘table entry is recorded ,
- N2 is the value Df IV. K for the»last table

o entry . . _ / _
N3 is thE'lnterval in IV.K between table‘
. entr;es ) . S . .
E1l ' is the value of the table at IV,K'= N1 -
E2 is- the value @f:thé table at IV.K = N1 +
: N3 ' _
- .. EL is the last. table entry giving the‘value
S .. of the table at IV.K = N2
n, A is the equation number and type (auxiliary)
n, 1, T is the equation number and type (table)
: , TR TR ; :
. B s . . ) . 7 h '
“ The following” figure illustrates the TABLE function:. . -
@ - l‘
N2 VK
] i
[3 ,!‘
100G




B T (1
The TABHL functign is similar to the TABLE functicn
- The function name stands fcr TABLE with High- Low éxten—
sions. It differs from the TABLE functi@n by allawing
the 1n§ependent variable tg ‘be outside the range speci-
figd by N1, N2. When ‘the value of IV K is less than Nl
tﬂgdvalue of the 65pendent .variables is equal to El,
and when. the independent variable is greater than N2
- ‘then the value of the dependént varlable is equal to

L

\ . EL. The TABHL functlén has the same arguments as the
T r ;
© - TABLE funct;gn S

Fo | . TABHL(TNAME,IV.K,NI,N2,N3)

TQE MTN funct;an is @ne Gf the DYNAMO. functians that

perfcrm 1Ggical Dperatlcns It is written:

L MINGR,Q) . _ IR

'The SMOOTH function is a first order inf@rmatiéﬁ delay.

'The function contains an integration, i.e. a level, and
. in a flow diagram it is rep;eséﬂtea'by_a':ectanglé_ '
o ‘"It is used in an 1nf@rmaticn channel to produce a flrst—
order exponential delay. It repreésents the process of a
gradual, delayed adjustment of recognized information
moving toward the value being supplied by -a source. It

is used to generate a delayed awareness of a changing »
situation"’ (Forrester, 1968, p. 8~22) L -

The fundtion is written:

PV.K = SMOOTH (IV:K,DELTME) , n, A
- x '
where PV.K is the: recogriized, or perceived, value
. of the”input variable :
IV.K is the input variable whose value is PaN
delayed ’ ’ .

DELTME - is the deléy time -

le%i
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~~  L1.'DESCRIPTION OF 1852

The descriptiagigf 1552 willgbe based on a DOCUMENTOR
listing of the médel . A DYNAMO -flow diagram of 1552 18
given in Figure 4. The equation numbers of leved ; rate
dnd auxiliary equatimns can be found in the DY AMO

flow symbol reprééenting the variable in question, S

One of the baglc phy@lLal flows contained in
the flow of queries, or 52a:¢t1¥equgsts Fquaﬁiaﬂﬁ 1 -,
4 describe how the backlog Df quer ies changP%. Fqua-
~tion 1 is a level equation defining the qUEYY»bQLkIDg

Q which is 1nLreaged by the query raté QR and decrecas-
ed by the answer rate AR, Equation 1.1 is an i 1Lial

v value equation stating that the initial value of Lhm
query ba;klmg Q is to be equal_t@ the :anstant}QN

which will be specified later. _ e g

Equati@n 2 is a rate equation spezifyingkﬁhe query
rate QR. Ingumlnq QUPIlﬂ" depend én two than* the
. number of users U and their propensity to ,
Singe both thﬁSﬁ‘thlngq will vary with timg‘it is, not
pr%?blC t@ represent them with LQnthDLL,\Thé numbc
of users U is a Lvel and the propensity tn\quﬁry P
is an auxiliar variable, 'hence the. time 5ubjcrlpt\”.
Equatian 2 btaghb that the qugly rate is equil t@itbg

number of users times their pleQﬂnlty to queary. |
5 : s v | L
) ) \ “ ;
{ o
Q.K=Q. r+(DT)x(QR JK-AR..JK) : i, L 1
N i E N
o o . ‘ k
Q * = Query backlog (querics) - ]
QR - Query rate (queries/week) \ g |
AR - Answer tate (quefl&g/wegk) ‘ ‘
QN =~ Initial no of querics . \
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QR.KL=U. KxP() K : 2, R
i B
QR ~ Query rate }quti['ii‘?i/wfi‘tlk)
<. U = Users (uners) o
PQ =~ Propensity to query (querieg/week/user)
AR.KL=AST, KXSPORXEQAAR.K ¥, R
AR S Aunawer rate (queries/week)

ASP = Allocation of staff to produrtion (ataff)

SPQR = Seaff productivity (querics/week/ataff)

FQAAR= Effect of query availability on answer rato
(dimensignlons)

The dnawer rat'e AR which is specified in Bquation T ig
“equal to the number of staff ol Iﬂi,‘ﬂ!ﬁrf’\h) searching,

ASPyLimu;: their produdtivity SPOR and a minor ef foet

[rém query availability FQOAAR.

In equations 4 and 4.1 }'w!f"f:f-;w:t, of query availabili-

by on answor rate FQAAR is detined sing 1t hee TABHI,

function (see page 1T09), “We know that when there are

ne querices ot hand it 0o not possible to produce an

Antwor L bs alsopossible that o very low volume

af querics will Towd to an Increaase (o the sehedual ing
delay which Teads to o decrcane in product ivity. The
reason tor thin is o that the average wait fng time will
tncredse when query hacklog i very low stince only o

¥ foirt o ob the dintormation base P05 available ot ANy One
tinge ands v query must o wait o ount i the redevoant part s
‘,i,\f\lil‘ibl!i‘, The valoe of BOAAR Shusndlod Plicr b Jas ane
when the «11:«‘2y'}mz?kl,f‘ﬁ1 hag Peached O certain magni -
tude, and from cquation 3 owe soo that in this e ot he
answer rate AR will be cquerl o the number of siat
dllocated to production, ASP, 1 imes Hx:‘ir prrodiuetavit g,
When-query backlog is zero BEOAAR b5 zoerol The conce-

' quence of this ia that when thero aro ne qrerics the

ANswer rate AR will bhoe zero voagardlon of the bt

4

ERIC

Aruitoxt provided by Eic:
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af skaff allocated to prwluﬁtiznni FOAAR can thon b ;
g s -

»

x‘r-pr%fﬁr‘—rii,,f’u] by a.table Funetion illustrated in Figure

\e 1 . |
i L‘-
. EQAAR

"

i} : -
i ) ’ // ’ !

5t ',//

Llfi- R S _,+
! .01 or T g
-
L Fiqure "s \

The n!’fnu(“ﬁ;[‘ qur:*f Aaval !Qxbl_l ily
ONn. ANTTWe T rateoe, h “

Wir have found E"nfj‘y reteronce to {he productivity-

docreaging et fect of query avallabtlity in the

" Jiterature, and it is Tikely that this effect 45 very
amall compared to the offect af a change in utatt
Allocation. EQAAR therefore hii.‘;\ thee value one for all
values of Q excopt cloge (o 701G where Lt doclines
towards yoro, which it must by physleal necessity,

I'n f-quf‘it' ion il'_-! I the toabl e SITRUAAR G spoect £ fod . To-
vetheer with this Pedlame e G or the TARHE turction in
cquatfon 4 owe gt he " fol Towing numerical represonta-
tton # the tabletigele roee b -
o ‘ t, ‘ K _i(i}l ' j o .
' .
FOAAT 3 DRV T . Y
0 i {1 WU RV AR
: Ho ‘
- S
! =
Q . S . . p
: ' 1 [/ i o

ERIC !

Aruitoxt provided by Eic:
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ERIC

Aruitoxt provided by Eic:

%

v i |
'r-:QAARIKﬁTAum (THEQAAR. ().K, 0,0, r)? 0.005) - hy A
TEQAAR=0/.1/.5/.9/. | hol, T

SEQR=10 ‘ - , b2y
L FOAAR » e ”m t of query avai labyi 1 t_}r aon
. AnNHWer rdpﬁ;(dlmi !pas/ B
(} . = Query backloy (queries) !
;o RPOQR oataff pluduglavrly (quﬂllgd/ '
i . wm‘ik/:!tff) .

The lluiilij{_?‘fﬁ' Of quvri 25 a gtaff member can answer in'a
woeoek ﬂupﬂ@dﬁ an hnw“much time, iy sﬁént Gﬁ_éaﬂh one.
Phe divect scarch time seems to vary greatly depending
on the philosopihy of the 188: some services spend

reldLLVQly it staff time per s ﬂTEh,;WhéféaS

others spend a qredt dcal. One hour seems to be

o Lyp;‘h_‘gl scarch j;iflig‘;.‘wh_.h;h As indicated by the SDC

fmpact stady  (Wanger etoal., 1976, p. A=9), but tho

véxy short t imes at'}hé éurm{nwl (mean valne 19.1 o .
minuten; median va]iwéliii minutés)_rngals-thaﬂithe
search Pequest s mun!bhv ol a rn]ﬂ}iVDLL 5imp1v kind. The
currvupnndfﬁq Lime {or th‘NQ%lC service ﬁt MIT is
almest donhle (mean valuoe 37.hﬁmﬁﬁi;7;(ucngﬁfelﬂ'Qﬁ,gl.g
975, and another 168 operating in ul iVGl 1ty and -

e (r/t 'l'(‘t"hFlﬁ= '

2.0

: /. : ) ,
research. enyironment! , the Royal TITnntit

1t

Fogy IDC, gives anaverage scareh Fime =
= o . . . N -
(Hyerppe, 1977) ., S , .o . _

Basoed on these congiderations wes conclude Ll7t for an

LSS operaling in g research onvis onment- and Aleal ing
with relatively complex search reqguests the number of
vl o ontaff por week mst by lTess than 20, and

h!f a teasaibhle long-run average is about 10, -The snc
b study (Wanger ot oo, 1976, p. B-14) @;i\?{f’?s; a
Fean vialue ol searches petlormed in a week of 9.6.

- i a
/
{ :

L
s
—
-
e

,
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In equation 4.2 staff productivity measured in

( '
queries/week/staff, SPOR, is set to equal ten.
Equations 5 - 7 specify the number of users and how
they change. In this model all effects on entry and
termination rate have been aggregated into multipliers
~for the entry rate only. This has been done to keep
the model simple. Since we are not intevested in keep-
ing track of individual users but rather the flow of
users a decrease in entry rate is equivalent to an
increase in termination rate.
U.K=U.J+(DT)x (ER.JK-TR. JK) 5. L
< U=UN v . i 5.1, N
‘U - Uscrs (users)
ER = Entry rate (users/week)
TR = Termination rate (usevs/week)
UN = Initial no. of users
TR.KL=U.KxTRN ° 6, R
TRN=0.02 Ve 6.1, ¢
TR .= Termination rate (uscrs/week)
U = Users (users) 7
TRN —= Termination rate normal (fraction/
~woeek)
ER.KL=(U.K) (UGN) (FMAER . K) (EDDER. K) (EMPER . K) 7y R
UGN=0.0374 ' 7.1, G
[ ~ Entry rate (users/weck)
U - Users (users) -
UGN = User growth rate dormal (tfraction/
weoek)
EMAER= Effcect of wmarketing awd assistance on
entry rate (dimensionless)
LDDER= Effvv} of delivery delay on oentry
Jrate Gdimensionless)
EMPER- Effect of market penetration on entry
: rate (dimensionless)
Q : 1,

ERIC

Aruitoxt provided by Eic:
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Equation 5 defines the fumber of users U d% a level
which is increased by the ontry rate ER and decreased
by the termination rate TR. The initial valuce of the

15 determined as being equal to the

number of users
constant UN. This is paéifxtd in the initial value
cugftat ion 5.1,

{Thg termination rate TR is defined in efjuation 6 asg
the product Jdf the number of users U and a termination
rate normal “'TRN. In equation 6.1 TRN is sot to-equal

0.02. Thiy means that each week 1/50 of the users
leave the service or, expressed differently, that a
notrmal time to remain a4 user is about one year. Such

i short time veflects the LI_!_lJLl\JL‘LY high turnover of
prople and changes in interest characteristics Lypiéal
ob an acadewic setting. The termination rateis diffi-

act

‘EJ‘

’_F.l

o I T s I
cult to measure sinc there 1

\]“(

no formal contr
which has to be canceled; a user ﬁill be invisiblo

to the I88 between the times he submits a query. In
thiS study we have chogen not to try to estimate the -
phg tcal termination rate but adopt to the approach
of debining & user as someone whe Jdecides to use the
55 and then consider ' him o user for a normal user
Lime of 50 weeks (see page 59) . In the yearly statis-
tics kept by opoerational L$8s individual users are
typreally ot traced so our approach gs consistent
with practice which makoes iﬂ;tnlsy to compare simula-
tion vesults with published statistiocs.

In this model all otffects on ontry and termination
rate have been aggregated into multipliers for the
entry 1‘.1Q e only. This has been done Lo keep the model
dhp e, Sinee we are oot interested in keeping track

Sl hmebividaal o users but, rather the tlow ol gusers a

ERiC« | - | y| ;p

Aruitoxt provided by Eic:
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decréase in entry rate is egulvalent to an increase

ln termination rate

o !
Equatién;%xdéfines the entry rate ER as.a‘product of .
~ five terms. The first two tgrms represent thefun-
dlsturbed growth of the number @f users and the_
remaining three terms representant inhibiting f@f:es*?
The inflow of users then is stated in terms of a nor-
mal growth rate which is modified by multipliers that
represent the deviation of the actual system state
from the normal with regard to:delivery delay (EDDER)
and the amount of marketing and assistance given
(EMAER) . In addition the normal growth rate is modi-
fied by a multiplier répfesenting the effect of market
penetration EMPER;

The user growth rate normal UGN is specified in
equdtion 7.1 as being equal to 0.0374. This value is

based on the experiences at the University of Georgia
rs.

Computing Center and other information centée

; however, not a trivial matter

r

It i O estimate UGN.

(s

i

I

For ¢ 45

S

la
n

or many other growth rates, observed

fo
are a function of many variables. In this study

—
w

,value
the factors a ,ffecting the growth rate have been reduc-

en in equation 7,

o
L]

-ed to three major influences, as
that modify the normal, or inherent, growth in the
number of users. 0Of these three one represents a

market saturation effect (EMPER) and the other two are

multipliers representing the effect of a deviation of
the system state from a "normal" state with regard to

delivery delay (EDDER) and the amount of marketing and

assistance provided (EMAER).

l1i
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5

We can igﬁare the marke£ saturation effEéﬁ when look-
ing at the initial growth. Since data on UGN is not
available we have to find a proxy. The main considéra-
tion f@r shécging among available statistics is that the
gréwﬁh of users should be as "undisturbed" as pcésible.’
For example, a change from a free service to one ﬁhét

costs money will disturb the growth pattern.

We believe that the data from the University of
Georgia Computing Center is the best available eﬁen
though the service is an SDI-service. From the account
of the center’s operations given by Carmon (1973) we
can infer that the amount of marketing and assistance
was adequate but not excessive: the introduction of
the service was preceded by an earlier attempt which
failed "due to the lack of profgssional staff to in-
terface with the users" so when the service was re-
started "a full-time staff, although small, was em-
ployed". Furthermore communication with the cenéef
was done via a terminal network and "the computer
ities had already found relatively widespread
acceptance and use" from wﬁich we can assume that the
delivery ialéy situation was satisfactory.

Cormon presents several diagrams of growth. Of these

i

we have chosen the growth of users for the CA Conden-
sates data base (this diagram can also be found in
(Ware, 1973, Fig. 2). The reason is twofold: the
diagram is one of the least aggregated, and the CA
Condensates data base is é@mpfehensive enough to be a

basic adequate information service in one subject

field (chemistry).

1o

-
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In Warefs (1973) paper a saturatiﬁg growth mcéel-has
been used to ‘intérpret the data (see the example on
?p_ 99-102) . Experiences frcm other services, éspgcialf
iy thgseyafferiﬁg @ﬂ?liﬁé SerVices {(i.e. 1585s), indi-
cate that at least initially the growth is exp@neﬁtiai

fore have to reinterpret the data. We do this by

estimating the doubling time graphically as shown in

Figure 6, where the circles are the observed data

points reported by Ware (this part of the figure is

copied from Ware”s graph).

A
USERS
& 100

4 o

i

8 10 12 MONTHS

'
!
I
|
f
{
b
P
M
6 .

Figure 6
Graphical estimation of doubling time.

ﬁ;e estimated doubling time for the number of users

is 4.25 months which gives a growth constant of

0.0374%. ° - . —
+)

Multiplying this with 52/12 to get weeks of equal lenght we
get a doubling time of 18.4 weeks. Since the doubling time
for an exponential growth process is 0.69 times the time
constant for the process (see e.g. Gc@dﬁan, 1974, p. 22) we
find the time constant to be 26.7 weeks, and consequently
tile growth constant 0.0374 since it its the inversion of
the time constant.

11
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In equation 8 the effect of market penetration én
entry rate EMPER is described. This effect ﬂépéﬂﬂsléﬂ

the fraction of users. tQ pcteﬁtlal users, and rep

Fdec1ded to bec@mé users. SlDCE EMPER occurs as a
multiplier 'in Equation 7 we want it to have the value
one when the number of users is zero, i;E. there will
be no effect from market pénetratian,initiallyi When
all potential users have become users, i.e. when U/PU
equals one, EMPER should have the value zero éincé’tﬁéd

entry rate must be zero. The table function defining

M

EMP R is shown in Figure 7.

=

U/PU

The effect of market penetration on entry rate.

The\ablc defined in equation 8.1 will thEthPf with
the \parameters for the TABLE function in equation 8
représeﬁt Figure 7 with the f@llmwing value pairs!

EMPER 1 1.05 1.1 1.05 .80 0
U/PU ¢ 0 0.2 0.4 0.6 0.8 1
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- A ~

- EMPER.K=TABLE (TEMPER,U.K/PU,0,1,0.2) 8, A

TEMPER= 1/1 05/1. 1/1 05/.80/0 §.1, 1T
~ PU 2000 - 82,0 )
EMPER- Effect of market penetration on entry
e ! rate (dimensionles) :

U - Users (users) x
PU - Potential market (users)

——e
The initial increase and. subsequent delrease in the

function in Figure 7 represents an additional effect

‘due to the fact that the probability of a user to

‘come in chtaEt ‘with a potential user, i.e. the word-

of—méuth effect, at first 1ncreasesAW1th an increase
in the number of users and thén decreases.: The word-

of-mouth effect is imé@rtant, as found in the NASIC/ |

" MIT project (Benenfgld et alip 1975, p. 1-4): "Aware-

ness about the service -is most often achieved by word-

of- mouth v To an extent this effect is inherent in the

thanntlal fuzmulatlon of the entry rate. However,

compared to th;.sgtu:tioﬁ at the University of Georgia,

1 =
for an ISS that starts the service without a previous

attempt to introduce the.service the world-of m@uth
tr

t
effect could contribute to the normal growth raté
t

.

This additional effect we assume not to be more tnan

10%.

w)"”\
"“f
il
rt
i
o
=
rt

When appr@x;mate y 2/3 of the market lﬁ pe
becomes more diffdult to attract users, which is
represented by decredse in the value of EMPER from
unity to zero. The implicit assumption in the shape
of the table fﬁnction is that when both the delivery
delay situation and the amount of marketing and
assistance provided are nuLmal, i.e. EDDER and EMAER
are equal to one, then growth in the number of users

will level off when about 85% of the market is

S ¥
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reached.t To achieve a hiéhei market penetration

EDDER -or EMAER must be higher than one.

The size of the potential user market is given in
equation 8.2 as being 2 000. The typical ISS we model
is Pargicf a reasonably large‘aﬁademic instituticn, and
the value of PU is based on a perscnal éommunicaticﬁ'
from the NAS{?/MIT office (May, 1976) . Wish and .Wigh
(1975) made a\Eurvey at the UanEfSlty of Wiscénsing
which gave an estimate of about 1 000 p@tentlalwusers

among the faculty. To this graduate students must be
added. ' ’

"If librarians want to establish their libraries as infor-
mation service centers, then custamer satisfaction must be
sought by offering speed and ease of access to information
storage as well as professional expertise, perhaps for an
added fee." (Wish and Wish, 1975, p. 3.) "

k]
The remaining two factors in the equation for the
“entry rate ER (equation 7) are the multipliers EDDER
and EMAER representing the effect of delivery delay

and the amount of marketing and assistance provided,

respectively. The multipliers are built around a S

normal state of the system with regard to these two
major service characteristics. The actual state of the
system is compared to a norm and the multiplier rep-
resents the effect of deviations from this norm.
Further examples of the modeling technique of using
normal values can be found in (Forrester, 1968, p. 23

££.) . - o o o
+7i ] . ) - i o i T

Recall that the termination rate for users is 0.02. When
the effective entry fate equals. the termination rate growth
will level off. This will happen when EMPER = 0.5348, and
the value df U/PU will be 0.86064.

§
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"Th% effect of dellvéﬁy delay on entry zate is speci~-

fidd in equation 19 as a TABLE ‘function, and the

:Dr:ésp@nd;ng table is given 1n équatlan 19.1

I | €
/ = :
EDDER.K=TABLE (TEDDER, DDPP, K/DDN,0,3,0.5) 19.A°
TEDDER=1.6/1.47/1/. 47/. 3/ 3/.3 = 19.1, T
.*DDN=0, 5 : | (

EDDER~- Effect of del;vety delay on entry

. rate (dim. less) -
Delivery delay pEfEELVEd by potential
users (weeks)

DDN =~ Delivery delay norm (weeks)

DDPP

The dependent variable for the TABLE function is the
ratio of delivery delay perceived by potenélal users,
DDPP, to delivery delay norm,DDN. The higher this\ratio

is the worse is the service perceiveﬁ. When the pe¥-

ceived'delivery delayiéqgals‘the norm, i.e. DDPP/DDN“:'

1, then the value of the multiplier is by definition
one. Should the perceived delivery delay be shorter
than the norm then DDPP/DDN is less than one, and the
value of the multiplyer should be greater than one.
The actual table function used in ISS2 is shown in
Figure 8.

‘ RPMIR ¢

Figure 8

The effect of delivery delay on entry rate.

1i;
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4

Equations 19 and 19. lgglve the f@llaw1mg value Pairs
as the representation™of this table:

1.47 i;D 0.47 0.3 0.3 .
0.5 1.0 1.5 2.0 2.5 3.0
Around the nofmal ériﬁt (1.1 the‘curve in Figure 8

is assumed to be linear'with a slgpe of about -1. That
is to say that the effect is pfoportlanal to the
change_in DDPPF/DDN. This assumption was not based on
emplrlcal observations since it is Very difficult to
analyse effeéts due to delivery delay in isolation:
when the delivery delay increases the IS5 is over-

loaded and has typically alxeady tlled%EQ;CQmPLHSEte

P
-
»..l
i
o

g
Lyt
T
o F
c
[
[t
=]

g the apouﬁt of marketing and aSSLS%
tance. The assumption, however, is indirectly support-
ed by experiences at the Library of Congress, SCORPIO
e (personal cammunicatiah, March, 1977): the

c
installation of a faster processer in the main compu-

ter resulted in a 23% improvement in response time

and the <dncrease in the number of searches was between
Unpublished statistics for the SCORPIO

(
service revealed an average of 857 searches for the
r t

four months prior to the installation of the fas
processor. The following month the number was about
1200 with an even higher projection for the next

month. Some Df the increase had to be attributed to

the return of Congress, but 200-300 scarches were
O

attributed to the shorter respo time.)
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The‘rélgl’onship between the delivery delay situation -
and EDDER is, however, not .linear for all values of:
EDEP/DDNi Even a relaﬁiv&ly long delivery delay does
not recduce the entry rate to zero as indicated by
Hjerppe (1975, p. 123) who giVas statistics from the
RECON scrﬁiée at RITL-IDC where the average delay
between submission of guery and search was about ld-
days durinyg 1973. Judginy from the relatively h;gh

- R i
satisfaction Exples sed by the users in spite of the

long delivery delay, the effect of, this factor will
probably grow slower as the délayfgetsjshcrtcr_ These
considerations are reflected in the kinks in the table

function in Figure 8.

b

The value of the delivery délsyvnarm DDN is given in

equation 39.2 as 0.5. In the SDC impact Htudy (Wanger

e

et _al., 1976, pp. 221-2) it is reported that over 80%

Ot all search requests were being filled within one

le
week of their receipt. The average delay is 2 days
(p. A=-24) but if the

he typical T

is an appointment system, whi(:"[i'

u

r""i

r

5 in an. acadomic scotting,

w

T

we assume for

i
49
]
:J

ngthened somewhat (cf.

this time wiAl have to be

Hjerppe, 197%, p. 125). The managers interviewed in

the SDC study indicated that 86% of their users were

o

fied with the turn—-around time. From this

I’J‘\

Fatlt_l
v

dicussion we infer that half a week is a rgasonable
)

- P s : 5 A2
norm tor delivery delay.

The remalning term in the ecquation for the entry rvate
ER (equatipopn 7) is EMAER, the effect of mArkﬁtjnq and

od in

=
1

assistance on entry rate., EMAER is specif
ccuation 39 and 39.1, and like @DDER it o is oa multi-

plicr reprosonting effcects of deviations from a notrmal

sttuation. The argument lor the TABLE function in

equat ion 39 s éhp ratio of neoded to available

f. : S
(
Lye

1
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assistance ASTND/ASM. ASHM is the amount of statf

allocated to marketing and Asgigt%nge (sce page 147),
n S

TND is the needed assistance cxpressed in numbor
of staff. ASTND is calculated in eayation 38 as the
t of the number of users and the assistance

needed por user (expressed in staff/user), ANEED. The

L

value of ANEED is 0.001 staft per user (equation 3s5.1)

which means that, assuming a 40 hour work week and 48
WOrk weoeks pgrfyuari that a user recquires 2 hours ol
staff time "t be satisficd. Tn a relatively mature
state for ah 185 with about 200 users and o start
about 3 opersons this means that 284 of the statt

time mst be o spent on market g and assistance. EXpe-
ricnces {rem operational [888 give the acltual average
vialues tor tesources spent o on market g and customner
assistance as anything between 10w and 40%. Gardner
ctoals (1970, pooo) spive examples of 1"};}‘1 fcit policies
tor allocate 10 minimam o 1%%o0f tl‘{:‘i aperat ing budaget
tor market ing ettorta, and at the National Library ot
Canada an estinated d0Y of stalft o etfort in spenloon
marketing and assistance (personcl conmunieat ton, May,

1975,

b
.
’
i

The ol teel trom matket tng amd ansistance o enlry ratey

P lustrated in l“it]},\l;s‘- N

ASTND K U;K?{ANY‘ZI"‘.I) ‘ COIH, A
ANFED (0, 001 M., v

&

ASTND= Assistance needed Calafl /wesk)
|l = Paers (users) )
ANEED- Assistance needed pet oaser (statt !

woel /user)
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1
¥
¥
i
* |
1
: i =
|
o . 1 . - it ;?—-i
1 ASTHOY A SH
Firgure Y
The cttect o marketing and assistance on entey’
rate. £ '
t
EMANROE FARLE CTEMAFR ASTND UK/ASMLK, 0, 3,0, 29) a0 A
TEMARR= /b oo Lo/ LT/ 8L 7. 627 567 .5/ W, T
. AN UA 0N ) v
< DON=U . W,
PON=U L 0L L,

PMAF G rtest o marker toy aond ass Dot aney
o entry tate Gdim. less)

ANIRD Asvrstanee needed i;:vl At/ week)

AR Allocation ob sratt to market iae
amd ssiistane e (statt)

AN Delivery delay norm (weok s)

PN Novmal propensity o quoegy
Cueties/week /users)

B

Phe table valuces given in ogquation 39,1 together with
fhe patameters tor the PABLE Function in oqguat ion 39

dJive the tollowing value paiv:s:

EMAERR So00 TohS T30 10 1,00 0.8 0.0 0LG0) D NG
ASTND/ASM 0,00 0,05 0.5%0 0,75 1,00 1.2% 1L.60 1.7 .00
PMAER O.50 0,05 0,00 0,y

ASTNDZASM 2L 0% 20580 20/ b, a0

Q ’ : o - 7 I\ |
ERIC :

Aruitoxt provided by Eic: =
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The effect from marketing and assistance on entry rate
. : . 7 o .

Ls assumeyl to be greater than that from delivery
delay, and Figure 9 shows that the entry rate could be

doubled if there were unlimited resourdes available

f

for marketing. The table also shows that an allocati

?»4

creasing returns to

\U’}

of staftf to marketing gives inc

scale, lhdg the offect of marketing is in fact drama-

Stic is evide nced by the statistics from RITL-IDC (see
L .

"Lu)tmm on padge 94) where the shar p increase in the

N ‘f *ul ol search requests in early 1976 came aft

r*r
~!
A

- mekugiﬁg,qupuiwn (the increase was from dbm

Goarehl vogquest s per quarter to about 125).
. . ' w0 . "’ ° B :
. - = i

Lauations L2=16 describe thé delivery delay and how
ttois perceived by the differont decision makers. The
delivery delay indicated DIX is defined in equation

' P2 g the query backlog @ divided by the answer rate
,.}\,R. Boina a rate AR cannot be measured veadily - rates
sinoonly be measumied over T some poriod of time - whic

c
L the reason tor introducing the variable indicated

delivoery flvlﬁi&’ .11 the answer ra tju':é werc?;;to b
tot g pertod ot time then the doliv&vyvAQlay could be
L';]lL;\‘:lltltl‘kl EPE :Q;’F\R, whiich can be 31 ]u::t-r._lted by the
tollowing cexample: suppose there is a query backlog
ot LS, and that this backlog is sudstained by incoming

dqueries, then b the answer tate i 30 queries per

"f?‘ﬁ the debivery delay will bhe half o weok, ‘

Ther perad u\ time over which DEX iP5 measured can be
called the averaging time, orv nnﬂn>th§1n; time, and/ the
provess ol smoothing intormat ton intfxnlnr(wt A deldy

in the How of dintormat tons i order to measure a flow
Pt week one has to watt one wecok, The users” porcejved

debivery delay pbPRu o is oo delayved vorsion of the indi-

catod debrvery delay DEX as o deser ibed in o cquat ion 13

ERIC : .

Aruitoxt provided by Eic:
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“(see p.lDS'fcf a briet dascriptinn of the SMOOTH

-

' Eunctiaﬂ) The users” perception time UPT is thc
smcéthing time for the SMQDTH function. UPT i3 set tG
>13 weeks (in equatlon 13 1) which 1is a maturinq timé ‘
455 for the QSUfbé éxpér;vncg and it is assumed that it
x takes that long to form a dEELnlté opinion ruqarding

the true value of the delivery delay.

i .
DBPU. K=SMOOTH(DIX.K,UPT) _ - 13, A
UPT=113, _ T

DbPU

Delivery delay perceived by uscrs o
(weeks)

. DIX - Delivery delay indicated (weeks)
UPT - Users” perception time (wecks)

The potential users and the funder do not have a [first

arvi

s0 their pcfc&ptian.gf,

Lo
-
p

[

i

hand experience of the

the‘delivery delay is based on the users”. The user

‘w

3

+

3

'ﬂ'-
1

communicate their per on of the delivery d@lay and

1C
this communication takes time, which' introduce
another percéptiaﬁ délay'in the Elow of information

about the delivery delay. The pgfcegtiﬂn time for

pgténtlal users” 1is assumed to be 26 weeks, and for

the funder 40 weeks. Equations 14 anqélq.l define the

delivefy delay percéivediby thential users DDPP as a

-

26 weeks smooth of the delivery delay perceived by.
usefs DDPU. Similarly in eguations 15 and 15.1 the
deXiVEry delay perceived by further DDPE is formulated
as a 40 weeks smooth of DDRPU.
DIX.K=Q.K/AR.JK ' 12, A
DIX -~ Delivery delay indicated (weeks)

Q ~ Query backlog (queries)
AR - Answer rate (queries/week)

-
[




DDPP ., K=SMOOTH(DLPU. K, PPT) ’ 14, A
PPT=26 ! ‘ . 14.1, ¢
- pDPP~ De livery delay perceived by pntentlal
users (seecks) .
DDPU - Delivery delay perceived by uscers (weeks)
PPT - Pﬂtéﬂtiﬂl users” perception time (weeks)
DDPF.K=SMOOTH (DDPU, K 191) ' - 15, A

FPT=40 S ¢ 15.1, ¢

DDPL - Delivery delay perceived by funder
(webks)

DDPY - Delivery' delay puerceived by users
(weeks) -

FI'T - Funder’s perception time (weeks)

L.DDPM. K=SMOOTH(DIX.K, IMPT) 16, A
LMPT =26 \ : 16.1, C

LDDPM- Long term delivery delay perceived by
_ management (weeks)
. DIX =~ Delivery delay 1nd1gited (weeks)
! , LMET - Management™s long term perceprion ’
time (weeks)

.h

Franagement does not have to. LEly on t@g users” percep-
tion to find out about the delivery delay, no thei

long "‘term recognized delivery delay'LDDPM>is a 26
weeks Expéngntial average (i.c. smooth) of the indi-
cated delivery delay DIX, as defined by equa'tions 16
and léil}:Thé implicit éssumptimﬁ here is\thaﬁ mana-
gement forms a défjnitg opinion about the delivery
delay situation with a lag of hélf a year which we

believe is realistic considering that it takes some
1

ins
[

time before statistics are processed and since there

1s a natural tendency in an academic setting to regard
4 year as consisting of two scmeste

¢ effect of delivery delay on c¢ntry rate has already

=
.

t
zen discussced. In addition to this effect delivery

o
m

delay also has an impact on the propensity to guery

’"’J

Q, d.e. it can discourage return use without making

the user leave the service. Thus.at any given time
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the propensity to quefy might be different from the
normal propensity to query PQN. The value of PON taken
from an ORCD study (cited in Ljungberg, 1975, p. 77)
is 1.8 gueries per yéar; or 0.035 queries per wéek an
given in équatign 17.1. Stabed differeﬁtly this meﬂns
that there is normally g%}weeks between queries from

one user,

Q. K=PONXFDDPQ.K . * C 17, A
)~ Propensity to query (queries/week/
user)” A
PN = Normal pr‘ﬂpwnn.lLy ter query (quu’u‘a/
week/user) .

EDDPQ- Effect of delijvery delay on the propen~
sity to query (dim. less)-

PQN=0. 035 v . _ , 39.3, ¢

>In equation 17 the pfﬂQGHSity to query PQ is quEﬂ as
the product of the propensity to query normal PQN and
the effect of delivery delay on thevpr@pensity to
query ED&P@. The ,effect from nark ting and assistance
on the propensity to query.is judged to be negligible
: ing and assistance are

on the following grounds: narke
crucial for attracting users to the service and ‘the
important aspect is to increase the users knowledge
about the functions of .the system (Persséﬁ ané
Hoylund, 1975, p. 63); a change in PQ reflects Lhe
response of QSEEﬁ already having kanledge ab@ut the
system and abaut what to expect. EDDPQ is a multiplier
represent ing effect— of dev;at;unq from a normal
delivery dclay situation when the delivery delay per-
ceived by users DDPU is equal to the delivery delay
nerin (or when DDPU/DDN=1) . When the normal situation
prevails the value of EDDPQ is one and the propensity
to query is equal‘tgdthe normal propensity to cuery
(500 oquation 17). EDDPQ is defined by a TABLE func-
tion in cquation 18, ana by the TABLE in eguation 18.1.
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EDDPQ.K=TABLE (TEDDPQ, DDPU.K/DDN,0,3,0,5) 18, ‘A
TEDDPQ=1,5/1.25/1/.8/.65/.57/ .5 : 18.1; T

EDDPQ- Effect of delivery delay'on the

' ~ propensity to query (dim. less)

DDPU = Delivery delay perceived by users
, (weeks) - _ _

DDN - Delivery delay norm (weeks)

The function defining EDDPQ is illustrated in Figure
lQi\i ) L ) , V
c EDDFQ.

A .

]
1
]
1
1
." T :
— 7}-' ——be—— ‘i‘
1 % ppru/pok

. Figure 10 »
‘. . ©  The effect of delivery delay.on the
propensity to query.
The relative flatness of th§=GUEVe’déScribihg EDDPQ is
explained by ‘the fact that EDDPQ is ahfadditiaﬁal !
effect on the propensity to query which is primarily
a characteristic of the user population.

=l

Equation 18 and 18.1 give the following value pairs:

" EDDPQ 1.5 1.25 1.0, 0.8 0.65 0.57 0.5

-DDPU/DDN 0.¢ 0.5 1.0 1.5 2.0 2.5 3.0

The effect of delivery delay on. the propensity to
query has received little attention in the literature
but there are some experiences from operational IS5Ss
that can aid £he construction of the table., S5ince

EDDPQ is a multiplier with a norm we know by defini-

let
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“tion the point (1.1)+ If the propensity to qgéff'wareA
constant the table:fdnctiaﬁ would be hcriécﬁtal; This
isfn@t'the:éase_which is shown by the changes in ﬂhg(A
percentage of return users, 1f the pr@peﬁsitydta query
., 1increases the number of users that will re%ufn_tgvthe
. ISS éﬁring a year increases too. At the NASIC/MIT
"gervice the-pe;eeﬁtage return users was about 30 at
the end of the initial phase (Benenfeld étfalé, 1975,
p. 1-2) and in 1976 it was estimated to be 35% and

growing (personal communication, August, 1976). °

Another indication that PQ is not constant/ is that the
number of users and the number of searches grow at
different rates: the Lategt'aﬁnﬁal=r§p@rt from NASIC/
MIT (Pensyl, 1977, pp. 5-6) gives a growth in searches
.@f.éé% and in users of 33%. : ' ‘
We'iﬁfef~that the uéatsgfespani té'béttér éervice by -
returning more often to the 123;‘Ih.terﬁs'éf the table
Eun;tiéﬁ Lﬁ Figure 10 this-méans that the function:

" will be monotonously decreasing. Since we do not have,
any further information about the shape of the func-
tion we make the Sim§le assumption of linearity with
the eﬁéeptian that EDDPQ will n@%‘gé down to éer@; We
assume that the effect of delivery 6elsy%én the |
Propensity to query is between +50% and =30%.

A decline in the propensdity to query as a response to
" a decline in the service component &élive:y—delay
represents one aspéct of the voice Dptl@h ofi the part
of the users, whléh was dlSCQSSEﬁ.CWI}D 26, The most
obw;gus way to exercise the VDyﬁﬂ @ptl@n is to com-
plain to the funder of the service - this aspect is
discussed further on p. 136 - but one can also with-

hold ones queries without leaving the service, thus



In the maasl this is part of assistance needed

~also discussed by Hirshman (1970, p. 131): "voick ca

“and RITL- IDC indicate that turn-ove
" in equation 10.1 TOT is set equal to 200 weeks.

)

rsmsining a user and rsquirs stsff time for csmplsints.

(see p. '123). This scnssqusnss of ths vcics spti‘n is

inflict direct costs on management as ssmplaining

' ;sustsmsrs occupy the time, cf the firm”s personnel and
. succeed in having ﬂsfsctivs msrshsndiss 'fixed up' or

exchanged",

i

’;Equatlﬂn 9-11 dssczihs ths number of staff and how 1tj
changes. Equstisn 9, is the level equation-and states

that the number of staff § is insrsassd by the hiring'
rate HR and decreased by the leave rate LR. Equstlsn
9.1 is the initial value squstisn where the: 1n1tlal
value of § is set equal to SN. ' '

i

The leave rsts'LRj'dsfinsﬂ in equation 16 ‘is fcrmulss.

“tsd as the -number of stsff divided by the svsrags tims'A

thsy stay on the job TOJ . Experlsncij from NASIC/MIT
of staff is lgw.

5.K=5, J+(DT)}{(HR JK— LR JK) o 9, L
§=SN 9.1, N
S - Staff (staféf).
) . HR' =~ Hiring rate (staff/week)
LR - Leave rate (staff/week)
SN -~ Initial no. of staff
'LR.KL=$.K/TOJ o - 10; R
_ T0J=200 . ' : ' 10.1, C
LR. =. Leave rate (stsff/wssk) . 11, R
5 - Staff (staff) '
T0J = Time on job (weeks)
HR .KL=AH.K/PTME _ | 11, R
PTME=26 = ' o 11:1, C
— HR - Hiring!rsts (stsff/wssk)
AH - - Approved hires (staff)
PTME - Hiring time (weeks)
N P
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‘The hiring rate HR is describéd in équaticn ll as . the
number of appraved hires AH diviéed by a hiring time’ o
PTME. The ‘hiring .time- represents thé delay necessary -*?i’
:,fDr the hirlng decis;ﬁn to be effectuated It 1ncludes
such campﬂnents as tima to advertize, gselect candiﬂa—
‘tes, and allow- f@r the;r nat;ce time. PTME alsa’iﬂi
cludes delays 1nhérent in the budgetinq process. In-
' eguati@n 11.1 the hiring tlme is given as 26 weeks, or
‘half a year,-whlch is assumed. to cover the delays

‘discussed: . ,'; R i

The hiring decision is influenced by both economic
concerns and the perférmancé of the ISS in terms of
dellvery delay The dec151@n 15 dESCFlbéd in equatloﬁs

20-27. . . ; R s

The appr@ved hlres AH Sp%élfléd in equatlon 20 are a
function of the'desired hires DH and the funder”s’
2W1lllngness to, suppart the serv;ce as WEll as an eco= §/
nomic :Gnstra;nt To deel the expan51@ﬂ de:151Dn,

i.e. thévéétéfminants of AH, on emplrlcal data cannot
be done W1th@ut a considerable 'data collection effart_
Even- if such an endeavor was started the nature of
thé,deg;slcngmaklng process 15,fuzzy and ;nvglves-'

_ factors that arevverybéifficult;té medsure. In this |
study we have taken another ap?f@aéﬁ;.frgm é@urces»in'
‘the literature we extract generélkﬁrends and attitudes
and then formulate the campéneﬁtsxéf'the expansion |
dECLS ion in scc@fdanéé The fact@rs affecting the
de:151gn should then be regarded as exampleg of

olicies. The consequence for the study is that the

canc1u51@ns that can be made are not absalute but

;Dnt;ngent on these hypathetlcal policies (as pointed

out on p. 85)i

Izy | 7




AH.K=(DH.KxEDDSF.K)~EECHR.KxS.K - -~ -  * 20, A.
AH ;; Apptavgdrhifes (staff)
DH - Desired hires (staff )
EDDSF- Effect of delivery delay on the . .
support’ “from fundef (dim, less)
N } " EECHR- Effective economic constraint on
' hiring (dim. less) A
S - Staff (stgff) ' ’
DH.K=(ALR, KxPTME) +DXS . KxS.K g 21, A
* . DH ;XDESLfEd hires (staff) ) -
ALR =~ Average leave Tate (staff/week)
PTME - Hiring time (weeks) .
DXS ..- Desired expansion of staff (dlm ' .
: less) g
5 - . Staff (staff) )
ALRJK -SMOOTH (LR. JK, LMPT) 22, A
- o ALR -~ Auerage leave rate (staff/week) ‘
' LR - Leave rate (staff/week)
- LMPT - ManagemEﬁt s long term perLap“
tan time (weeks)
The first factor ;n quat;an 20 determinlng the
approved hlres is d251réﬂ hires DH. This is what the
ISs management c@ns;ders»needed to give a satisfac-
tory service, and it corresponds to a request for
funding. ' -
The desired hires DH is formulated in equation 21 as
the gum 6f a compensation for staff that has.left and
a desired increase in staff which dépénds on the
. delivery delay situation perceived by management.
Management knows the.average leave rate ALR, and it
; also knows how long it will take to fill positions:
- the hlrlng time” PTME. Therefore it is necessary to ‘
multiply the average leave rate with the hiring time
to CngenSate for leaving staff. ALRXPTME' then ‘rep- |
resents management”s estimate of the number of staff
bleaVing; The desired expansion of staff DXS wﬂiﬁh is
\
LY
) v L.
Q ’lLJL
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’~explained below is éiven'aa a p§reentage'eehDXSxS

© gives the actual number of staff aesiaga The hiring .
time PTHE was defined in equation 11.1 as .26 weeka.~

W

Y

Tne-average'leave rate ALR is defined in equation 22
as a smooth of the actual leave raaevLR- The smoothing
time is-equal to the management e leng term pereeptien
time LMPT which was given in equatien l6. l as 26

weeks
i -

In equation 23'the,deaired expansion of staff DXS is
defined. DXS is a table function the value of which
depends on the deliverj'delaf'situatien pereeiﬁed by
lnanagement fermulated as the ratio between'the long
term delivery delay perceived by management LDDPM and
the long term delivery delay norm held by management

LDDNM. The table function deflning DXS is glven in aig
Flgure ll ' ' '

_ e >
1 2 % )
» : LDDPM/ LDDHM

Figure 11

Desired expansion of staff.
The formulation of the desired expansion of staff DXS

is fairly conservative as can be seen in Figure 11.

When the perceived delivery delaf is twice as long as

13]




1
the norm, whieﬁ is an indicati@n of inSufficieﬂt

 is assumed to be 35%. It is};lsc assumed that manage—
' ment never requests. more thanlén increase of "50%. Whén
the dellvezy delay perceived by management is shorter
-’ than the norm, i.e. when LDDPM/LDDNM is less than one,
it is assumed that the ISS management makes "responsible"
‘requests for funding and accepts a ‘decrease in the |
number of staff. -l R

[y

DXE . K=TABLE (TDXS, LDDPM K/LDDNM 0, 3 0.5)

23, A
-LDDNM=0.5 23.1,.C
_TDXS= —,2/—,15/0/,2/.35/645/;r 23.2, T
DXS - ﬁesired expansion of staff | o SN
(dim, less) "

LDDPM- Long term delivery delay perceived
by management (weeks)
~ LDDNM- Long term delivery delay norm held -
by management (weeks%

The conservatism in the décisiénifegarding DXS is also
"manifested by the choice of the long term delivery
'Selay nérm héld,by management LDDNM Whiéh.iS»Séﬁ to

- half a week - the same aslthe delivery delay hptm held-:
by ﬁhé market DDN. LDDNM is specified in equation 23.1,

is defined. Together théSé two,equations give the -

In equation 23 and 23.2 the desired expansion of staff

following value pairs: ”
DXS -20% ~15% 0  20% 35% 45% 50%

DDPM/LDDNM 0.00 0.50 1.00 1.50 2.00 2.50 3,00

Returning to equation 20 where, the approved hires is.
defined we see that the desired hires will not auto-{
matically become approved - the funder”s willingness

to support the service, represented as the effect from

Lyg
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delivery delay- on the support from-funder, EDDSF, ‘will
also haVe aﬁ influence. We have pointed out that an - i
ISS has fairly established pr@cedures far evaluatiﬂe
feedback. (see page 26) which constitute a vehicle" far
" the users to practice the "voice" thian as a resp@nse
to declininq quality of the servise. If a baﬂ delivery
delay situation {s sustained for a long ‘period of
time, i.e. if ‘a long- time average of the deliveryvay
delay is anqer than the norm, users will be dissati
_fled and the funder will congider using his resources
. on other functions than the ISS. The delivery delay e
perceived by funder, DDPF is a 1Dng.termi§verage of the

delivery delay perceived by users - recall” from
equation 15, that the: funder~s percepticn time is. 40
weeks. Since the use:s perceptian time is 13 weeks
(equation 13L this means that the funder reacts to
appraximately the avefage value EDrAthé preceding

year.

The effect @f dellvery ﬂelay on the support frém fune
der, EDDSF, is lllustrgted in Figure 12 B

EDDSF

S
bpﬁr L m?m
" Figyre 12

The effecﬁ from déliVEfY delay on the support -
from funder. : kx\

When the long term delivery delay is -équal to ;%é‘naﬁm
or better, i.e. when DDPF/DDN is 1e§s than or equal to

, 7 \ 7
one, the funder is supportive and accepts the desired

!

Ly
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hires requestéd by management.. In Figure 12 this ia
represented by making the value of EDDSF equal t@ one

for this case. When DDPF/DDN is greater than one the

funder will show his scgpticism by redueing the re=

:qucsts fDr fundlng It i's aggumed that this reduction
'is linearly dependent Qn.the deliVery delay situatimn

but that there is a lmwer h@ﬂnd for EDDSF

w
1)

EDDSF.K=TABHL (TEDDSF,, DDPF . K/DON, 1, ? );59 24, A ‘

TEDDSF=1/.75/. ;n/ 40} 35 | 241,

EDDSF- Effect nf delivery delay on
the support from funder (dim. less)
DOPF = Delivery delay, pEI!DIV(d by Iundvr,
(weeks) . . '
DDN - Delivery delay dorm (weeks)

- EECHR, K=lCHR.KXEEC.K
- 71- H
LECHR- FffLrixVL peonomic constralnt
on hxrlnb (dim. Lless)
_ MHR - bt‘()‘ﬁnmu congtraint on hiriog
less) N
ent of cvonomic constraint

=

The TABHL functioen in equatlgn 24 taqethcr w1th the.
ahIL iﬂ Fquatign 24 .1 produck thﬁ fDlleinq valuu

pairs:
EDDSF 1.00 0.75 0.50 0.40 0.35
DDPF/DDN 1.00 1.50 2.00 2.50 3.00

4 .
!

'Farzvalués of DDPF/DDN less than one and greater than
three the first and last values éf EDDSF apply (seec p.

105).

The last determinant of approved hires AH in equation
20 is the effect of the economic constraint on hiring.

t . . .
From the beginning it has been common to charge the
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users of I5Ss fcr the gervice, and a recent discussion
about dPVElemﬁﬂtS in the field. of JCiEﬂtlfiF and .
'thchniﬁal information disseminatian indicate that
xecénﬁmic considerations are becoming ingreaaiﬂqu
1mpnrtant (Schwarz, 1976, P 9 ff.). De Gennaro (1975)
provides a diHPUHSiQﬁ of the develamehfg that hﬂVP |
led to this situation. quarding user fecs Fnr
computer~based bibili@qraphic search services “mnvt
_L;bfarieg ha&e ggdnd it necessary tqﬁregpvéﬁ:at least

some costs in this manner" " (Gardner et al., p} 4) .

" The effective ésmn@mié'ﬁmhsﬁréint on hiring is defined

in equation 25 as the ptgducﬁ of two terms: the

economic constraint on hirping, ECHR, ‘and the cnfoicement

of the economic cmnstraiﬁt; EEC. The latter factor is
explained further below afd in efuation 27; it rgprcé
sonts the ﬁ[Fﬁét-éhaf the - funder is willing to refrain

iram enforeing the economic constraint, cspecially

during the start-up period of the service, .
FCHR. K=TABHL (TECHR, REVGL/REVI¥IK,1,1.5,0.1) 26, A
TECHR=0/.08/.15/7.20/.2%/ .25 6.1, T
REVGL=H 6.2, C

<1 o

FECHR - Fconomic constraint on ’hit‘imz
(dim.s less) P

REVGL- Revenue goal (gacries/week/stafl)

REVIX= Revenue index (dim. less)

The LLQHDml( ?‘ nstraint on hifiﬂq, ECHR, is a fUﬁétiﬁr
of the ratio between the revenue goal REVGL and the i
revenue iﬂﬂeg REVTE@ and is defined by the TABHL
function in equation 26 and the table in équaticnﬁ
26.1. If the revenue index is greater than. the
revenue goal, i.e. REVGL/REVIX is less than onoe, then
-there is no ecconomic constraint on ‘hiring and ECHR iS:

zZero. ,
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If the revenue goal is higher than what is actually
achieved then economic concerns. Dh ‘part of. the funder
will result in cut- backs in the number Df approved
hires and eventually in. the number of staff. It is
assumed that the funder does not make a sudden deci-
sion to dLscht;nue the service tatally but that there
,-1sga maxlmum cut=back cf 25% of the’ staff and that
;fThL WLll ‘approach this’ 11mit graéually as shown in-

: g,l 1qurn 1"5

‘ ECHR e

" _
- o T
_ A5 F ' g

O8L .

ey :
: 1.9 . N 1! - 1-5 .
REVGL/REVIX -

Figure 13 - - _
. The economic’ constraint oh ‘hiring.
o o R .
Thé:ﬁalqéfgéiféwgéﬁgféﬁéd by équatiéns 26 and 26.1

are: R

ECHR .00 .08 ;15." 0 Ya3 25 o
REVGL/REVIX - .1.0 1.1 1.2 1 LR 5

' As we have said above the ISS is eiégégééﬁt@ raéé%éf _

" gome of its costs. We have chosen to express this
fEVEﬂUE ‘goal as an expected ‘humber of queries per
week - per staff. The revenue’ ggal REVGt is set to 8
quezles par week per staff (equat%qn 26.2). Revenue

géalé‘éfé mostly not expressed thﬁg explicity but the

-

.l‘

L

i
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econonic performance of an ISS is typically judged on
a more aggregate level, e.g. on the Dasis of annual
reports. The realism of the chosen revenue goal can

be inferred from the actual situation at NASIC/MIT
(Pensyl, 1977): for the period June 1976 to May 1977
_ithe average numbér=af.sear:h requests per week and
staff was 7.95.% This rasulted:iﬁ an incame‘pfagﬁi—
cally equal to the computation and operating expenses
- not explicitly stated as a goal, but a situation that

is becoming, a norm for ISSs: .

"A comon pattern is that the library absorbs the indirect
costs such as the cost of the termminal and staff operators”
time, but asks the uscr to pay the direct costs including =~
mnputer time, printing, and cammunication charges," (De
Gennaro, 1975).

The second factor affecting the effective economic
constraint on hiring, EECHR, in equation 25 is the en-
forcement of the economic constraint EEC. For a
reasénable start-up period it is assumed that the
funder is willing to accept that the number of queries
per week and staff will not be equal to his goal; he

guarantees a budget for the ISS operations. In the

JJ‘

simulation model this is represented as a Jdiscretio-
nary fund which is depleted by a certain amount
weekly, this amount being what the Funder thinks
"should" be recovered, unless the volume of businass
is at the revenue goal, in which case the fund will he
left intact. It is also possible that the Fund will be

ql‘he fi(TU_LL given in the report is 3.65 searches per day and
'searcher". In this case searches are counted once for cach
data base accessed and the nunbor of such accesses ls aboul
2.3 per user, thus the number of queries per week (wilh our
definitions) is: (3.65/2.3)x5<7.93.
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built up after a deciine!by achieving a volume of
business that is hlgher than the revenue goal. The
enforcement of the ECGanIC constraint EEC is a func-
tion of what is left in §He discretionary’ fund DF
relative to the initial amount NSUF. The ratio DF/NSUF
i1s then taken as a measure of the economic viability
of the ISS operation. The relationship between this -

measure and EEC is given in Figure-14.

& f‘
ERC
Vasn-r
4
_ : ':"‘aﬁ »

O 5 1 pp/nsor

Figure 14

The enforcement of the economic
congtraint.

When the vatio DF/NSUF is one éfégréater then EEC is
zero; in Ehis cgase the 155 operation brings in the
expected amount of money and the *economic constraint
on hiring is not enforced. As the ratio becomes less,
“which means that the discretionary fund is being de-
pleted the funder becomes increasingly concirned - in
Figure 14 this is repre:rntsd by an increasing (nega-
tive) slope tor the function. If the dis cretionary
fund is used up the cconomic constrailnt will be on-

forced fully, i.e. EEC will have the value one.
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The enforcemerit of the economic constraint EEC is de-
fined in equation 27 .as a TABHL function. |

FEC .K="TABHI, (TEEC,DF .K/NSUF, 0, 1,0.25) - 27, A

‘TEEC:I/;AS/.ED/.O?/Q , 27.1, T
. . b
FEC ~ Enforcement of ecopomic constraint

~ (dim. less)
DF. = Discretionary funds (dollags)
NSUF Tnitial start-up fund (dollars)

Together with the table in equation 27.1 the TABHL

function renders the following value pairs:

EEC 1.00 0.45 0.20 0.07 0,00
DF/NSUF  0.0Q0 0.25 0.50 0.75 1.00
-

To keep the model simple we have chosen not to include
equations describing the c@stfacﬂéuntinq. Cost data,
ara qtherally dlffLCUI% to obtain. Qne reason is that
aametlmP% the LSS tagether with thé hosting library is
embedded within a larger @rga,LzatLanal framework

(see p. 17 and %Zais, 1977, p. another is that the

r

suppliers can be very

charging scheme from the servigt

comp lex

We need, however, some measure of the economic viability
of the 188, and as mentioned above we have made a formu-
Latian with a discretionary fund DF, guation 28 is the

level equation defining the discretionary fund. It is

increased by the income DIN, by which we mean inhcome

" in oxcess of the charges passed on to the user. The
fund is depléted by the reduction in discretionary
funds DUT, which represents what the funder thinks

"should" be flowlng in to meet operating expenses.

Q J{f&




DF.K=DF, J+ (DT)X (DIN.JK-DUT .JK)
DF=NSUF , .
NSUF=15000

R
Pt

-

DF - Discretionary funds (dollars)

DIN - Income (dollars/week) _

DUT " - Reduction in discretionary funds
(dollars/week)

NSUF - Initial start-up fund (dollars)

DIN.KL=AR., JKXRECF ‘ 29, R
RECF=10 ) 29.1,

DIN = Income (dollars/week) ' ®,
AR~ Answer rate (queries/week) .
RECF - Recovery factor (dollars/query)

DUT = Reduétion in discretionary funds
(dollars/week)

s — Staff (staff)

REVGL— Revenue goal (queries/week/staff)

Equation 28.1 is an initial . (iie equation which says
that the initial discretionar- t(und is equal to the
constant NSUF which in equation 28.2 is given as

$ 15 000, The SDC study (Wanger et al., 1976, p. 153)
gives as a typical case that the initial allocation

for the ISS budget was sufficient for the first year
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of the on-1line operation, and that the cosgt estimates .

had been close to the actual outcome. Here we assunme

an estimated cost per query of § 10 (see below) and
with a revenue goal of 8 queries/week/staff and a

staff of three the initial allocation NSUF will cover

about.a year and a quarter. This is the time is would

take before the funder would consider the ISS,
totally "bankrupt" if no money at all was recovered.
However, his economic concern would be aroused
garlier aﬁ? he would start to enforce the economic

constraint’ on hiring.
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Equation 29 is the rate equatign describing the in-
come to the discretionary fund, DIN, as the product of
the answer rate AR and the recovery factar RECF,

which is like a surcharge the users pay in addltian
to computation costs. RECF is given in equation 29.1
as $ 10 per query (see below for discussion). Tit

- means that the ISS will have to charge the users

about $ 30-% 40 per query: the ayerage cost per quéry :

at NASIC/MIT is about $ 35{(2‘3 NASIC searches times
the average total cost of $ 15.75 per search (Pensyl,
1977), the SDC study (Wanger et al., 1976, p. A-8)
gives an‘avgrage cost per search of $ 23.83 (median

$ 17.16) but does not reveal how many such searches

are made for one query.

Equafi@n.jD is the rate equation describing the reduc-
tion in discretionary funds, DUT, and represents the
expected cast, whiﬁh @ccu;s in addition to what the
user pays for computing costs, at a volume of business
equal to revenue goal REVGL. The total reduction will
then be (S(staff)xREVGL(queries/week/staff)xRECF($/
query)), with the dimension ($/week).

~
In practice the funders estimated cost is often not
explicitly stated as we have done here, so the sur-
charge will have to be estimated by managémentg Here
we have assuméd-that the same estimate, RECF, is used
by both. At the NASIC/MIT service the income less
computing expenses, i.e. the recovery facFor, is
$ 6.44 per query (2.3 NASIC searches times $ 2.80
(Pensyl, 1977)), and the operating expenses, calcu-
lated analogously, are $ 7.19 per query. Gﬁerating
expenses include such things as materials, postage,
telephone, but there is no standard way of defining
these costs: here we have for simplicity assumed $ 10

Ly,
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per'quéry,'The eéuatidhs relating to the economics of
the ISS should be regarded as a simplified represen-

tation of the budgeting process.

The resource allocation decision is described in

equations 31-37,
an ISS to have a

management tries

It is 4n the nature of a service like

reactive resource allocation policy:

to spend some resources on marketing

but when queries come in they 'have to be answered.
Since it is cémﬁ@h to have the users make appoint-
ments with the staff in advance, and since marketing
activities involve other ‘commitments, e.g. rental of

space for demonstrations, changes in the allocation

) o . . . .
time ACT is, however, assumed to be relatively short:
equation 31.1 gives the value two weeks.

In equation 31 the allocation of staff to prédu:ti@n;
ASp, is defined as a SMOOTH (see page 105) of the de-
cided allocation of staff to production. A smoothing

s

time of two weeks means that this is the time over

which the change will take place.

.K=SMOOTH (DAP .K, ACT)
2

ASP - Allocation of staff to production T
(staff) ' ;
- Decided allocation of staff to \
production (staff) .
- Allocation change time (weeks)

DAP
ACT
DAP ,K=MIN (IAP.K, ISP.K)

Decided allocation of staff to
production (staff)

- Indicated balanced allocation of
staff to production (staff)

Staff needed for production to

keep delivery delay norm (staff), _

DAP -
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LSP .K=Q. K/ (SPQRxDDNI) 33, A
DDNM=0. 5 | ‘ 33.1, C -

[SP = Staff nedded for production to

* keep delivery delay norm (staff)
Q - Query backlog (queries)
SPQR -~ Staff praduct1v1ty (querles/week/
~staff)
- Delivery délay norm held by manage*
ment (weeks) -

=
[ B
=
=
i

-Equatign 32 defines the desired allocation .of staff to
pré&ueti@n,:DAE, as the minimum of two variables: the
1ndlcated ‘balanced allocation of staff to production,
IAP, and the staff needed far pr@duct;@n to keep the

delivepy delay norm, ISP.

DAP is the actual decision about how much staff should:
be allocated to production. The ISS management allo-
cates enough Séaff to keep the delivery delay at the
norm, until therelis a conflict from the pfessure to
allocate resources to marketing and assistance - 1t

is not QDSSlblE to allocate 100% of the staff to
searching since some assistance will have to be pro-
vided. \

In Ptactice it can Happen that it is not possible to
allocate the necessary resources to production

immediately; Hjerppe (1975, pp. 125-126) reports:

... unprocessed queries piled up quite rapidly, especially
if the system had a serious break-down. The situation this
. fall, 1974, has been that we have for at least two months
had a queue of 10-20 queries waiting, and this backlog is
very hard to eliminate as long as the queries keep coming
“at a reqular pace, which is what we in other circumstances
would want them to do."
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In equation 33 the number of staff needed to keep the
delivery delay norm, ISP, is calculated. ISP depends on
hqy big the query backlog Q is. By dividing Q by the
sééff productivity (queries/staff/week) multiplied

with the delivery delay norm (weeks) we get the

needed number of staff. .

The delivery delay norm held by management DDNM is
assumed to be the same as the norm held by the

market, half a week (see p. 122).

[SM.K=U.KxANEEDXNDBIAS 34, A
NDBIAS=1 - 34.1, C

- ISM =~ Staff needed for marketing (staff)
TN U -~ Users (users)

ANEED~ Assistance needed per user (staff/

week/user)

NDBIAS- Bias in recognizing need for
marketing and assistance (dim.
less)

The pressure to allocate staff to assistance and mar-
keting is recognized in equation 34 which defines the
staff needed for marketing, .ISM. ISM is defined as the
number of users U times the need for asstistance ANEED
in terms of staff per user, There is also bias
factor NDBIAS which represents the ability of the ISS
management to recognize, K the need for assistance pro-

rly. For the standard run it is assumed that mana-
gement makes a corredt assessment so NDBIAS is equal
to one in equation 34.1.

- - . "iz_e,z

It might not bé possible to meet the different needs
for staff: the staff needed to keep the delivery delay
norm, ISP (equation 33) and the staff needed for marke-
ting, ISM (equation 34) might add up to more than the

total staff. One way of resolving this conflict-is to

.lsgg
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make a balanced allocation so that the allocation to s
each of the two functions is made according to the g
relative size of the need for that fuhction, i.e. if
the total need (ISP + TISM) is y, and ISP,itself is x,
then x/y of the staff would be allocated to produc-
tion, This formulation is given in’eguation'gﬁ.
IFP.K=ISP.K/(ISP.K+ISM.K) = ‘ 35, A
IFP -~ Indicated balanced fractional
‘allocation of staff to produc-
/ tiow (fraction)

ISP - Staff needed for production to k{
keep delivery delsv norm (staff) '—

I1SM - Staff needed for rketing (staff)
IAP.K=IFP.Kx5.K ) 36, A

IAP - Indicated balanced allocation of
staff to production (staff)
IFP = Indicated balanced fractional
allocation of staff to production
~ (fraction)
S -~ Staff (staff) o

-

The balanced all@catian'fermula'reflécts the real life
situation that although managers try to keep . a fast

service tney are aware of the necessity of assistance

and marketing; one of the conclusions from the first

phase of the NASIC/MIT service, for example, was that
"promotional efforts need to be very intense" (Benen- . .

feld et al., 1975, p. 1-2).

In equation 36 the indicated balanced fractional allo-

' cation of staff to production, IFP, is used to calculate

fthe indicated balanced allocation of staff to produc-

'ticn; IAE,,expressed in absolute numbers, by multipli-

cathn with the total number of staff available S. IAP
is then one of the- iﬁctgrs c@nsidered when the alloca-

tion decision 'is made in equation 32 {(see p. 145) .

l?ji;a - ‘é :f
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“The stafffrésaurces not allocated ta.prcduﬁtiéﬁ ére
available for marketing and assistance activities, as
described in equation 37,'This equation simply: states
that the allocation of staff to marketing and assistance,
ASM, 1is equal to the total staff S less what has been
allocated to production, ASP. ”

ASM =~ Allocation of staff to marketing

and assistance (staff) )
5 - Staff (staff) -
ASP - Allocation of staff to production

(staff)

.
i

Equations 40-47 define perfarmaﬁ:é and operational
measures which can help in assessing the "results" of
different simulation runs. They will not be described
further, but they are listed in the next section,

The performance measure used to assess the revenue
situation of the IS8S, which affects the économic t
constraint ‘on Hiring (in equation 26), is'the revenue
index REVIX described in equation 48. It ‘is the ratio

of the average query rate AVQOR, defined in equation

49, and thé average number of staff, defined in

equation 50. The smoothing time STRA for the compo- %éq)
nents of REVIX is assumed to be equal to the.éther - §
administrative delays, hiring time PTME in equation 11.1
and LMPT in'equatian 16.1, 1.e. 26 weeks as specifiéﬁ

in equation 50.1.

REVIX.K=AVQR.K/AVS.K g 48, A

REViXE Revenue index (dim. less)
AVQR - Average query rate (queries/week)
AVS ' - Average staff (staff)
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~ AVQR.K=SMOOTH(QR.JK, STRA) L 49, A

AVQR - Average query rate (queries/week)
- QR - Query rate (queries/week) .
STRA - Smoothing time for revenue
assessment (weeks)
AVS . K=SMOOTH(S.K,STRA) : o R 50, A
STRA=26 | 50.1, C

AVS =~ Average staff (staff)

§ Staff (staff) 2 .

STRA = Smoothing time for revenue
assessment (weeks)

- This completes the description of the model equations.
To run the model initial values for Q, S, and U and
control "cards" are needed, these are also given in

the following section.



MODEL' LISTINGS

NOCUMENTOR listing -

UGN=0.0374

Q.REQ.J+;éT+*

QR-RL”U!K*PQ_

1

i

I

i

|

N . 151
Py : -
(QR. JK-AR. JK) ! a T
_ a ) - 1.1, N
- QUERY BACKLOG (QUERIES)
- ‘QUERY RATE (QUERIES/WEEK)
~ ANSWER RATE (QUERIES/WEEK)
~ 'INITIALE NO OF QUERIES
i : .
K \ : 2, R
~ QUERY RATE (QUERIES/WEEK)
~ USERS (USERS) ' ,
~ PROPENSITY TO QUERY (QUERIES/WEEK/USER)
AR.KL=ASP.K*SPQR*EQAAR.K - o o 3, R

ANSWER RATE (QUERIES/WEEK)

ALLOCATION OF STAFF TO PRODUCTION (STAFF)
STAFF PRODUCTIVITY (QUERIES /WEEK/STAFF)
EFFECT OF QUERY AVAILABTILITY ON AN%WER 'RATE

(DIM, LESS) V { .
EQAAR.K=TABHL (TEQAAR,Q.K, o 0. 02 0. 005) , 4, A
TEQAAR=0/.1/.5/.9/1 4.1, T
SPQR=10 4,2, C
- EFFECT OF QUERY AVAILABILITY ON ANSWER RATE -
(DIM. LESS)
- QUERY BACKLOG (QUERIhS) .
- STAFF BRODUCTIVITY (QUERIES/WEEK/STAFF)
U.K=U.J+ (DT) * (ER.JK~TR.JK) 5, L
_ 5.1, N
- USERS (USERS)
- ENTRY RATE (USERS/WEEK)
- TERMINATION RATE (USERS /WEEK)
- INITIAL NO. OF UbbRg
TR.KL=U.K*TRN 6, R
TRN=0.02 6.1, C
R -~ TERMINATION RATE (USERS/WEEK)
- USERS (USERS)
- TERMINATION RATE NQRMAL(FRACTIDN/WEEK)
ER.KL=(U.K) (UGN) (EMAER.K) (EDDER.K) (EMPER,K) ; 7, R
L 7.1, C

ENTRY RATE, (USERS/WEEK)

USERS (USERS) .
USER GROWTH RATE NOBRMAL- (FRACTION/WEEK) °©

EFFECT OF MARKETING AND AH‘[‘TANQI ON LENTDPRY
RATE "(DIM. LESS)

EFFECT OF DELIVERY DLIAY ON [NPRY RATH

- (DTM, LESS) :
EEEECT OF MARKIYT PENETRATION ON ENTRY RATE
(DIM, LESS)

. Ly
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EMPER.K=TABLE (TEMPER,U.K/PU,0,1,0.2) r A

8

TEMPER=1/1.05/1.1/1.05/.8070 8.1, T
PU=2000 8.2, C

EMPER * - EFFECT OF MARKET PENETRATION ON ENTEY RATE

K (DIM. LESS)

u ~ USERS (USERS) | .

~PU = PDTENTIAL MARKET (USERS) ,
S.K=$. J+(DT) *(HIR.JK- LR JH) 9, L
S=SN" 9.1, N

S ~ STAFF (STAFF) _ )

HR -~ HIRING RATE (STAFF/WEEK)

LR - LEAVE RATE (STAFF/WEEK)

5N - INITIAL NO. OF STAFF
LR.KL=§.K/TOJ \ : e -10, R-
TOJ=200 ‘ T ' 10.1, C

LR - LEAVE "RATE (STAFF!WLEK) -

. 8 ~ STAFF (STAFF)
TOJ - TIME ON JOB (WEEKS)~
- HR.KL=AH.K/PTHE - ' 11, R

PIME=26 _ L L 11.1, C

HR - HIRING RATE (STAM/WEEK)

Ali ~ APPROVED HIRES (STAFF),

PTME . - HIRING TIME (WEEKS)
- DELIVERY DELAY ETC. . e N
DIX.K=Q.K/AR,JK : 12, A S

DIX* ~ - DELIVERY DELAY INDICATED (WEEKS) ©. ‘ : '

Q' - QUERY BACKLOG (QUERIES) C .

AR ~ ANSWER RATE (QUERIES/WREK)

p ’

DDPU. K=SMOO'TH (DTX.K,UPT) 13, A

upr=13 , C13.1, ¢
DbPU - l‘LIVl~ZI¥Y DELAY PERCEIVED BY USP‘.RS: (hIM.

LESS)

PIX - DULLVERY DELAY* INDICATED (WEEKS)

upr - USERS' PERCEPTION TIME (WEEKS)®
DDPP . K=5MOOTH (DDPU. K, PPT) =?__i - © 14, A
PPT=26 o 4.1, ¢

Dopprr - DELIVERY DELAY I’L.R("LTYF D BY POTENTIAL USERS

, (WELKS) y O
pbhPY - DELIVERY DELAY pRRGQIVED'BngSERS (WERKSE)™

Py - POTENTIAL USERS' PLRCEPTION TIME (WEEKS)
DDPF . K=SMOOTH (DDPU. K, FP'T) 15, A
Ipr=40 15,14 C

~hoet = DELIVERY DRLAY PERCETVED BY FUNDER (WHEEKS)
bbpu = DELIVERY DELAY PBERCETVED BY U8ERS (WEBKS)

-7 FPT - FUNDER'S PERCE PTION TIME (WHEKS)

l o <

A7
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. LDDPM.K= SM@QTH(DiXiK,LMPT) . it 16, A
LMPT=26 . ' 16.1, C
. LDDPM - LONG TERM DELIVERY DELAY PERCEIVED BY i
' - MANAGEMENT' (WEEKS)

%, DIX =~ DELIVERY DELAY INDICATED (WEEKS)
"' LMPT - MANAGEMENT'S LONG TERM PERCEPTION TIME
o (WEEKS) S .

il

EFFECTS OF DD -

PQ.K=PQN*EDDPQ.K o | - . 17, A

PQ ~ PROPENSITY TO QUERY (QUERIES/WEEK/USER)
PQN - NDRMAL PRDPENSIT¥ TO QUFRY;;QUERTFS/WFFK/
USER)

EDDPQ .~ EFFECT OF DELIVERY DELAY DN THE PROPENSITY
' TO QUERY (DIM., LESS)
EDDPQ.K= TABLE(TEDDPQ DDPU. K/DDN,Q,;3,0.5) oo 18, A.
TEDDPQ=1.5/1.25/1/.8/.65/.57/.5 ‘ 18.1,
EDDPQ - EFFECT OF DELIVERY DELAY ON | THE PROPENSITY
TO QUERY (DIM. LESS)
7 DDPU - DELIVERY DELAY PERCEIVED BY USERS (WEEKS).

%
DDN  ~ DELIVERY DELAY NORM (WEEKE)
"EDDER. K=TABLE (TEDDER, DDPP. K/DDN 0, 3, 0. 5) N 19; B
TEDDER=1.6/1.,47/1/.47/.3/.3/.3 7~ 191, T

EDDER * ~ EFFECT OF DELIVERY DELAY ON ENTRY RATE”

i (DIM. LESS)

DOPP -~ DELIVERY DELAY PERCEIVbD BY PDTENTIAL U%FRS _
(WEEKS) : , N

DDN - DELIVERY DELAY NDRM (WEEKS) L

LONG "TERM DEC IS,DNS

AH. K= (DH. K*EDDSF . K) ~EECHR. K*S . K Co 20, A

AH — APPROVED HIRES (STAFF)
DH = DESIRED HIRES (STAFF)

EDDSK - EFFECT OF DELIVERY DELAY ON THE SUPRORT et
FROM FUNDER (DIM. LESS) : L
EECHR - EFFECTIVE ECONOMIC CONS'T'RAINT ON HIRING'_jr
(DIM. LESS) :
S - STAFF (STAFF)
DH.K= (ALR. K*PTML)+DXB K*S ’ : 21, A
DH - DESIRED H[RL! (%TAFF) '
ALR = AVERAGE LEAVE RATE (STAPE/WELK
. PTMR - HIRING TIME (WEEKS) Ir
DXs - DESTRED EXPANSION OF. STAFP (DIM. LESS)
5 - STAFF (STAFF) : . : -
ALR.K=SMOOTH (LR,JK, LMPT) . 22, A.
ALR - AVERAGE LEAVE RATE (STAFF/WEEK) .
LR ~ LEAVE. RATE (STAIEF/WEEK)
LHFT =

MAN!\GEE@F’I\]'["H LONG TERM PERCEPTION 'I'IME
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DXS. K=TABLE(TDXS LDDPM’. K/LDDNH 0,3, 0. 5) S _ 23, A
LDDNMgﬂ 5 , 23.1, C
»'TDXS—* 2/-.15/0/. 2/ 35/. 45/ 5 : 23.2, 7T
DXS - DESIRED EXPANSION OF STAFF(DIM LESS) :
LDDPM - LONG TERM DELIVERY DELAY PERCEIVED BY
_ MANAGEMENT (WEEKS) -
LDDNM - LONG TERM DELIVERY DELAY NORM HELD B¥
‘ MANAGEMENT (WEEKS)
EDDSF.K= TABHL(TEDDSF DDPF . K/DDN,1,3,0.5) - 24, A
TLDDSF 1/.75/.50/.40/.35 - ' - - 24.1, T
EDDSF. - EFFECT OF DELIVERY DELAY ON: THE SUPPORT '
_ FROM FUNDER (DIM. LESS) ’
DD’F ~ .DELIVERY DELAY PERCEIVED BY FUNDER (WEEKS)
DDN - DELIVERY DELAY NORM (WEEKS) - '
EE CHR ‘K=ECHR.K*EEC.K : 25, A
. | EECHR . = EFFECTIVE ECONOMIC CONSTRAINT. DN HIRING
o (DIM. LESS) x
ECHR' - ECONOMIC CONSTRAINT ON HIRING (DIM LESS)
EEC ~ ENFORCEMENT OF ECONOMIC CDNSTRAINT (DIM
' LESS) o :
ECHR;KZTABHL(TECHR,REVGE/REVIX_K,l,l.S;Dil) 26, A
TECHR=0/.08/.15/.20/.23/.25 o 26,1, T
REVGL=8 : . ' ooy 26.2, C
ECHR - ECONOMIC CONSTRAINT ON HIRING (DIM. LESS)
REVGL - - REVENUE GOAL (QUERIES/WEEK/STAFF) :
REVIX ~ REVENUE INDEX (DIM. LESS) o
EEC. K=TAEHL(TEEC DF.K/NSUF, 0 1 0.25) 27, A
TEEC=1/.45/.20/.07/0 27.1, T
: EEC ~ ENFORCEMENT OF ECONOMIC CONSTRAINT (DIM.
' LESS) .
DF - DISCRETIONARY FUNDS (DDLLARS)
NSUF - INITIAL'STARTéUP FUND (DOLLARS) -
DF .K=DF.J+ (DT) * (DIN. JK-DUT. JK) ' 28, L
DF =NSUF _ , _ o o - 28.1, N
NSUF=15000 ' 28.2, C
DF - DISCRETIONARY FUNDS ‘(DOLLARS) -
DIN . - INCOME (DOLLARS/WEEK) _
DUT" - REDUCTION IN DISCRETIONARY FUNDS (DOLLARS/WEEK)
NSUF - INITIAL START-UP FUND (DOLLARS) :
DIN.KL=AR.JK*RECF - , 29, R
RECF=10 i : : ’ - * 29.1, C
DIN - INCOME (DOLLARS/WEEK)
AR - ANSWER RATE (QUERIES/WEEK)
RECF - RECOVERY FACTOR (DDLLARS/QUERY)
DUT KL=S. K*REVGL*RECF & R
DUT - REDUCTION IN DISCRFTIONARY FUNE
5 - STAFF- (STAFF) i
REVGL - REVENUE GOAL (QUERIES/W 'K/STAFF)

Q RECF - = RECOVERY FACTOR (DDLLARS/QUERY)
AC SR N LR




~ ALLOCATION OF STAFF %?

- ASP.K=SMOOTH (DAP, K ACT) Coe : 231, A
ACT=2 31.1, C .
ASP - ALLOCATION OF STAFE TO PRODUCTION (STAFF) ’
DAP - DECIDED ALLOCATION OF STAFF, TO PRODUCTzqy
. (STAFF) »
ACT ~ ALLOCATION CHANGE: TIME (WEEKS)
_DAP.K=MIN(IAP.K, ISP, K) ' 32 A
'DAP - DECIDES ALLOCATION OF STAFF TO PRDDUCTIDN S
. (STAFF):
IAP - INDICATED BALANCED ALLQCATIDN OF STAFF ‘TO
PRODUCTION ' (STAFF)
ISP~ - STAFF NEEDED FOR PRODUCTION TO KEEP
. DELIVERY DELAY NORM' (%TAFF) o
_ 10, k= =Q. K/(SPQE*DDNM) : o o 33, A
~ DDNM=0.5 - : : 033.1, C
. ISP - STAFF NEEDED FOR PRODUCTION TO KEEP I
' DELIVERY DELAY NORM (STAFF)
Q - QUERY BACKLOG (QUERIES) -
SPQR - STAFF PRODUCTIVITY: (QUERiES/WEEK/STAFF)
DDNM  ~ DELIVERY DELAY NORM HELD BY MANAGEMANT
(WEEKS). -
ISM,K#U@K*ANEED*NDBIAS ’ : . , 34, A
NDBIAS=1 : : & . . 34,1, C
ISM - - STAFF NEEDED FOR MARKETING (aTAFF) -
U - .~ USERS (USERS) 5
ANEED - ASSISTANCE NEEDED EER,USER (STAFF/WEEK/
‘ "USER)

"NDBIAS - BIAS IN RECOGNIZING NEED FOR MARKETING AND
: ASSISTANCE (DIM. LESS) ,

IFP.K=ISP.K/ (ISP.K+ISM.K) S 35, a
~ IFP - INDICATED BALANCED FRACTIONAL ALLOCATION OF
' STAFF TO PRODUCTION (FRACTION) -

ISP - STAFF NEEDED FOR PRODUCTION TO KEEP
DELIVERY DELAY NORM (STAFF)
. ISM = ‘STAFF NEEDED FOR MARKETING (STAFF)
IAP.K=IFP. K*S K ’ 36, A
' IAP . - INDICATED BALANCED ALLOCATION oF STAFF TO
PRODUCTION (STAFF) ,
IFP - INDICATED BALANCED FRACTIONAL ALLOCATIDN GF
. STAFF T& PRODUCTION (FRACTION)
;. S - STAFF (STAFF) %
ASM.K=S.K- ASP K- ' ' 37, A
ASM - ALLOCATION' OF ‘STAFF TO MARKETING AND
ASSISTANCE (STAFF) . :
s - STAFF (STAFF) , C e
. O PRODUQTIDN”(S%&EF)

ASP - ALLOCATION OF STAFFE

Yol
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EFFECT OF MARKETING

ASTND.K=U,K*ANEED N o fo 38,

- ANEED=0.001 - T : - 38.1,
ASTND =~ ASSISTANCE NEEDED. (STAFF/WEEK) :
U - USERS (USERS)

ANEED - ASSISTANCE NEEDED PER USER (STAFE/WEEK/

' USER) .
EMAER. K= TABLB(TEMAER ASTND.K/ASM.K,0,3,0. 25) L 39, A
TEMAER=2/1.55/1.3/1. 1/1/ 81/. 7/ 62/ 56/ 5/.45/.42/ 39.1,
.38
'DDN 0.5 | 39.2,
PQN 0.035 ' - 39.3,
EMAER - EFFECT .OF MARKETING AND ASSISTANCE ON ENTRY
- , RATE (DIM. LESS)
" 'ASTND - ASSISTANCE, NEEDED (STAFF/WEEK)
“ASM . ;- ALLDCATIDN)DF STAFF TO MARKETING AND .
‘ ASSISTANCE (STAFF)
e DDN - DELIVERY DELAY NORM (WEEKS)
©. ‘PQON -~ - NORMAL, PROPENSITY TO QUERY (QUERIES/WEEK/
b 'USER) )
f*’.
FERFGRHANCE AND DPERATIDNAL MEASURES
;SAR K= SAR.J+(DT)*(AR JK) ’ . 40, L
'SAR=NSAR’ o : ) o - ' 40.1,
NSAR=0 =~ ‘ ] 40.2,
.t SAR - T@TAL ‘NO. ‘OF ANSWERED QUERIES (QUERIES)
LB AR —-ANSWER RATE (QUERIES /WEEK)
SER.K=5 J+(DT)*(ER JK) - B . 41, L

;SEEfNSERv Co . ‘ 41.1,

NSER=0 . S _ : 41.2,

SER - TOTAL NO. OF USERS (USERS).

"ER -~ ENTRY RATE (USERS/WEEK) ° /

" SRVIX.K=EDDER.K*EMAER.K. . ‘ B 42, A
SRVIX ~ SERVICE INDEX . ,
EDDER - EFFECT OF DELIVERY DELA‘:,J ON ENTRY RATE
3 ‘ -(DIM. LESS)

EMAER A EFFECT OF MARKETING AND ASSISTANCE ON ENTRY

C RATE (DIM. LESS)
NER.K=(E R JK-TR.JK) . : R n 43, A

NER. - "NET ENTRY RATE (USERS&/WEEK)

ER - ENTBY RATE (USERS/WEEK)

TR ~ TERMINATION RATE (USERS/WEEK) - 2 ﬂ
YPUG.K=(SMOOTH (NER.K,52)) *(5200) /U.K 44, A
: YPUG °~ - YEARLY PERCENTAGE GROWTH IN USERS

NER - NET ENTRY RATE (USERS/WEEK) ; -

u. - -

USERS (USERS) ,
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‘ N ' Lo
QE‘UG K=(SM@QTH(NER K, lZ))*(lEQQ)/U K ) - 45, A
QPUG .- QUARTERLY PERCENTAGE GROWTH IN USERS - :
NER - NET. ENTRY RATE - (USERS/WEEK)

noMnMzZaacan

1} ‘=" USERS (USERS)
AGOWL, K=AGOWL.-. J+(DT)*(GWR JK)’V L ‘ 46, L
AGOWL=NAGOWL - - : 46,1y N
NAGOWL=0" _ _— ‘ . .46, 21 C

: AGOWL/ - ACCUMULATED GOODWILL - , L
GWR -~ GOODWILL RATE '
 GWR.KL®SRVIX.K . | . : 47, R
' GWR - - GOODWILL RATE C L o

SRVIX - - SERVICE INDEX
REVIX.K=AVQR.K/AVS.K o 48, A

REVIX .- REVENUE INDEX (DIM. LESS) : S ’

AVQR - AVERAGE QUERY RATE (QUERIES/WEEK)

AVS- - AVERAGE STAFF (STAFF)

'AVQR K=SMOOTH (QR.JK, STRA) ' - 49, A
~ AVQR -~ AVERAGE QUERY RATE (QUSRIES/WSSK) _ .
' QR -~ QUERY RATE (QUERIES/WEEK)
. ) - STRA" - SMOOTHING TIME FOR RSVENUS ASSESSMENT
: '(WEEKS)
AVS.K=SMOOTH (S.K,STRA) L. - -, 50, A
STRA=26 _ 4 ( . 50.1, C

AVS, -~ - AVERAGE STAFF (STAFF) ‘ - o

s - STAFF (STAFF)

STHA - SMOOTHING. TIME FOR SEVSNUS ASSESSMENT

(WEEKS) , ,

INITIAL CDNDITIDNS AND CDNTRDL CARDS ' ““7?
SN;B . ’ A ' 50.6,
UN=50 . S ' 1 50.7,
DT=. 2 ' _ : - - 50.8,
TIME=NTIME* / ‘ ’ c... . 50,9,
NTIME=O = = s ' - T8I0,
LENGTH=0 =~ P - o 51.2,
PLTPER=8 s ’ . : _ ‘51.3,

ON . ~ INITIAL NO OF QUERIES -

SN ' - INITIAL NO. OF STAFF e

" UN "= INITIAL NO. OF USERE ] e
PLOT U= U/Q Q,QR=0/8=5,ASP= S/SR -E S 51.4

U - USERS (USERS) . X

Q -~ QUERY BACKLOG (QUERIES)

QR -~ QUERY RATE (QUERIES/WEEK)

S - STAFF (STAFF) .

‘ASP - ALLDCATIDN OF STAFF TO SRSDUCTIQN (STASS) _

. T )
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- PLOT EDDPQ=l,EDDER Z,EMAER23 EMPERS4(O 2)/DXS-‘f' ;51;5
X(-=1,1) /EECHR=C ,EDDSF=S (0,1)
EDDPQ = EFFECT OF DELIVERY DELAY QN THE PRQPENSITY

TO QUERY: (DIM- LESS)

DXS - DESIRED EXPANSION.OF STAFF(DIM LESS) _
‘EECHR - EFFECTIVE ECONOMIC CDNSTRAINT GN HIRING
o (DIM, LESS) .
'EDDSF ~-' EFFECT OF DELIVERY DELAY ON THE SUPPGRT
S FROM FUNDER (DIM LESS) ,
PRTPER=48 , . T T BlLT,
°  PRINT 1)U/z)g/3)3/4)QR/5)HR/6)ER .2t 51,8
S U USERS (USERS) : ;ﬁﬁfsg ST _
Q- - QUERY BACKLOG (QUERIES) - '
S - . = STAFF (STAFF)
"QR = QUERY RATE (QUERIES/WEEK)
HR - ~ HIRING RATE (STAFF/WEEK)
ER - ENTRY RATE (USERS/WEEK)
. PRINT 1)SAR/Z)SER/B)EECHR/4)YPUG/S)QPUG/E)AGDWL 51.9
SAR - TOTAL NO. OF ANSWERED QUERIES (QUERIES)
SER ~ -= TOTAL NO. OF USERS (USERS) i
EECHR - EFFECTIVE ECONOMIC CDNSTRAINT ON HIRING
S (DIM. LESS) . :
YPUG - YEARLY PERCENTAGE GROWTH IN USERS
QPUG - QUARTERLY PERCENTAGE GROWTH IN USERS
ACCUMULATED ﬁQGDWILL ,

AGOWL
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_&,  pDefinition cf-Vari&blg-NEméé]‘,"*__ LT N
ACT : Allacati@n change time (W?ek)

e _ AGOWL " Accumulated goodwill

S .AH. . Approved hires (staff)

' . ALR .. - Average leave rate (staff/week)

- ANEED Assistance needed per user (staff/week/u%er)

AR Answer rate (queries/week)
ASM Allocation of staff to marketing and ass;stancé
.. . - (staff) "
ASP " .Allocation. of staff to- pzcductidpffgtgff)
ASTND - . Assistance needed (staff/week) °

~Average quety rate (queries/week)
verage staif (staff) R o

e
ROE e
~

-.DAP . - . Decided allccatian Df staff ta praductlan
; . (staff) : -
'DDN ' Dellverg delay- nDrm (weeks) o
DDNM Delivery delay norm held by managemant (weeks)
~ DDPF Delivery delay perceived by funder (weeks)
- .DDPP .. Delivery delay per221ved by p@tential users
' ’ (weeks)
&ai . DDPU Delivery. delay perce1ved by users (weeks)
‘ DF .- Discretionary' funds- (dgllars)
DH Desired hires (staff)
DIN - Inc@me (dollars/week)
DIX - Delivery delayVvindicated {(weeks)
" DuUT - Reductlcn in discretionary funds - (d@llars/week)ﬁ'
DXS Desired expansion of staff (dim. less)
ECHR °  Econemic- constraint on hiring (dim. ‘less)
EDDER Effect of del;very delay on entry rate (dlm
E less) )
- EDDPQ - Effect of dellvery delay on the perEﬂSlty to
o - query (dlmi less) _
EDDSF Effect of delivery delay on the suppsrt from
' funder (dim. less) ; ,
EEC . Enforcement of economic constraint (dim. less)
. EECHR -Effective economic :Dnstralnt on hiring (dim.
.- less) .
"EMAER Effect of marketlng and 33515tance on’ entry
' Jrate (dim. less) ¢
EMPER Effect of market penetrat;cn on entry rate
; - {dim. less) -
EQAAR Effect of query availability on answer rate
% .(dim. less) . _
ER " .Entry fate (users/week)
FPT Funder”s perception time (weeks)

v




W f”‘: . R . V : . .’ﬁ Iy T ) :
' GWR |, ’GGDdWill rate‘““

HR . Hiring rate (staff/week) B
AR 9
IAP- Indisatéd balanced allacatlon cf staff tc '
e . - preduetién (Etaff) L
IFP. Indidatey balagpeﬂ fractional allgcaLlan Gf
. ~ staff to| production (fraction)’ e
- ISM Staff' ngeded ‘for marketing (staff),
ISP - . Staff ‘needed. for pr@duct;cn to keep dellvery
o delay norm (staff)
LDDNM - . Lond ‘term delivery delay nazm held by mana— SR
o - _gement (weeks) e
LDDPM Long term dellvery delay péfCElVéd by mana—-' 7;?
L gement (weeks) ' o
LMPT .Management”s lQng term perceptlan tlme (weeks)
LR - Leave rate (staff/WEék) ' - 7
NDBIAS Bias in - ‘recognizing ‘need far marketlng and
.. . ‘asgistance (dim. less) R _ ,
NER - Net' entry rate (users/week) *f:f,__; : o
NSUF - ;Initlal start- up fund (ﬁcllars) - "
PPT Potential users” percePticn thne (weeks)'
PO : Propensity to query (querles/week/users)
PON ‘Normal propensity to: query (querles/week/
: , users) , ) .
PTME Hiring time (Wéeks) : ,5 : e 7
Py rPatentlal market (users) .
Q- - . Query backlag (querles) R !
QN - .- Initial no.. of queries . ' _
QPUG Quarterly percentage grawth in users . : ..
OR; - ~Query rate (queries/week) 1 A
“RECF : Regovery ‘factor (dallars/queryﬂ a
"REVGL ~ Revenue goal" (querles/week/staff) !
REVIX . Revenue index (dlm less)
s staff (staff) L - L !
SAR Total no. of answered querles (queries)
" SER. . Total no. of users (users) S 3
SN Initial no. of staff. _
SPQR Staff productivity (querles/week/gtaff) 7
SRVIX Service index
- STRA . smoothing time for revenue assessment (weeks)
TOJ : Tlme on j@b (weeks) S
) TR Termination rate ' (users/week)
, TRN * Termination rate normal (fraction/week)
u Users (users) _ \
UGN User growth rate normal (fraction/wéek)

-

o ; ' oot i;
ER&(: ) e 5 lé}i
LINLA - AN E




O

ERIC

Aruitoxt provided by Eic:

e

Init;al no. Df users ‘L
Users® perception time (weeks)

”¥early pércentage graw%h in users

4

f"r:_

cr




iy

o~
e

Model Index R

* NAME . - NO T DEFINITION,
" WHERE USED " '
R la.l’ ot et
B Yol R

. ..., BSP,A,3] . it . L i

- TAGOWL ..~ 46 - L ACCUMULATED. GOODWILL - .~ B

S r ,._} 746 1 N . f" . ‘ ,; ; .

. PRINT,51.9 - S Lo .

"AHL i, 20 A APPRDVED HIRES (STAEF) Y

o

.1 C ALLOFATIAN CHANGE TIME' (WEEKS)
B . =+ sz,, EE - . t

ALR - 22 _AﬁfAVSRAGE LEAVE RATE (STAFF/WEEK) . sf¥ S

 ANEED 38i1‘c3 ASSISTANCE NEEDED P

-

USER)
ISM A, 34/SsTND A, 38 ' L
AR . "~ 3% "R ANSWER. RATE (QUERIES/WEEK)
Q,L,1/DIX,A, 12/DIN;R, 29/SAR,L, 40
ASM 37 A’ ALLOCATION. OF STAEF TO MARKETING AND
' ASSISTANCE (STAFF) L ——

.. EMAER,A,39 o
ASP 31" A ALLDGﬁﬁIDN OF STAFF TO PRSDUSTIQN (STAFF)
;  AR,R,3/ASM,A,37/PLOR;51.4 o
ASTND 38 A ASSISTANCE NEEDED (STAFF/WEEK
£ EMAER,A,39
AVOR 49 A . AVERAGE QUERX RATE (QUERIES/WEEK)~
... REVIX,A,48 : L e
‘AVS 50 A AVERAGE STAFF
't REVIX,A,48 AR R . B
DAP 32 A DSCIDES,ALSQCSTIDS OF STAFF TO PRODUCTION:
[  (STAERy - . , IR
© ASP,A,3 e E T
DDN 3 4B DELIVERY DELAY 'NORM (WEEKS) S
- EDDPQ,A,. © ODER,A,19/EDDSF,A,24 S S
DDNM '33.1 ¢ 'DELIVERY DELAY NDRM HELD BY MANAGEMANT
’ " (WEEKS) ‘ R

't

¢ .

I1SP,A, 33 Lo ‘ - 4o
DDPF 15 - A-‘DELIVERY DELAY PERCEI VED BY FUNDER (WEEKS)
“%.. EDDSF,A,24 , . so
adriv) 14 A DELIVERY. DELAY EERCEIVED BY POTENTIAL USERS
’ ’ / ~ (WEEKS) . :
EDDER,A,19 .
DDPU 13 A »DELIVERY DELAY PERCEIVED.BY USERS: (WEEKS)

DDPP, A 14/DDPF A, 15/EDDPQ A,18
DF . +-28 L DISCRETIONARY FUNDS (DOLLARS)
28.1'N - :
~ EEC,A,27 S
DH =~ . 21, A DESIRED HIRES (STAFF)
AH,A,20

Cr~



: q /

DIN 29° R iNCQME~(DDLLARS/WEEK) : o ST / i§A
b1Xx 0 T 12 A DELIVERY DELAY INDICATED (WEhKSh : , oo
P DDEU A, 13/LDDPM A 16 : : . ._ﬁ . - B
or Y 50.8 € : . . FE

Q,L,1/U0,L,5/8,L, B/DF L EB/SAR,D 40/SER 41/AGDWL L, 46

dur. 300, " R- amucr:m IN' DISCE‘EI‘ICE@RX FIIJI\IDS (D@M/wgm{)
. DF,L,28 = - p
- DXS 23 A DESIRED EXPANSION OF STAFF(DIM LESS) Lo
" " DH, &, 21/PLDT,51 5 : -
ECHR 26 - A ECQN@MIQ EDNSTRAINT ON HIEING (DIM. LESS)
_EECHR,A,25
EDDER 19 A’ EFFECT OF DELIVERY DELAY DN ENTRY RATE

(DIM. LESS)
‘ER,R, 7/5Rv1xﬂﬁ 42 :

?-EDDPQ 18 A “EFFECT OF DELIVERY DELAY "ON THE PRDPENSITY E

- TO QUERY- (DIM LESS)
PQ A, 17/PLDT 51.5

VL:EDDSF 'f 24 A EFEECT OF DELIVERY DELA! ON" THE SUPPDRT

- FROM FUNDER. (DIM. LESS) e
L AH A ED/PLOT 51,5
EEC | - 27 A: 'ENFORCEMENT . OF ECONDMIC CDNSTRAINT (DIH
. : LESS) , . \
: EECHR A,25 ‘ o
EECHR - 25 A EFFECTIVE ECDNOMIC CDNSTRAINT ON HIRING
E . (DIM. LESS) L 1 v
o AH A, ED/PLDT 51.5/PRINT,51.9 - £ ‘
EMAER 39 A EFFECT OF MARKETING gﬁ%@ASSISTANCE ON ENTRY

, RATE (DIM "LESS)
~ ER, R 7/SRv1x A,42 -

EMPER - 8 A EFFECT OF MARKET PENETRATION ‘ON -ENTRY. RATE

~ . (DIM. LESS)
~~ + ER,R,7 L
"EQAAR. © .-4 A EFFECT OF QUERY AVAILAEILIT! ON ANSWER RATE.
- s (DIM LESS) ~ Co . o
AR, R;3
ER - .:: 7 R ENTRY RATE (USERS/WEEK)
‘U,L,5/SER,L,41/NER,A, 43/PRINT, 51.8
FPT 15.1 C FUNDER'S PERCEPTIDN TIME (WEEKS)
- DDPF ,A, 15" . _ :
. GWR' 7 47 R GQQDWILL RATE -~ . ’ : é/
AGOWL, L, 46 '
HR 11" R HIRING RATE (STAFF/WEEK) o
S,L,9/PRINT,51.8
IAP 36 A INDICATED BALANCED ALLOCATION OF STAFF TO
o - PRODUCTION (STAFF) A
DAP,A, 32 .
IFP 35 A INDICATED BALANCED FRAﬁTIQNAL ALLDCATIDN DF"
i STAFF TO PRDDUCTIDN (FRACTION)- -
IAP,A, 36
ISM 34 A STAFF NEEDED FOR MARKETING (STAFF)

'IFP,A; 35

a
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ISP "33 ‘A STAFF NEEDED FOR . PRDDUCTIQN TO. KEEP ;°

DELIVERY DELAY NDRM (STAFF)_i
DAP,A,32/1IFP,A,35 '

 LDDNM 23,1 € LONG TERM. DELIVERY DELAY NORM HELD BY
_ o - MANAGEMENT (WEEKS)' :
'DXS,A, 23 - 1
LDDPM - 16 A LONG TERM DELIVERY DELAY PERCEIVED By
e MANAGEMENT (WEFKS)
* DXS,A,23 )
LENGTH 51.2 C '
LMPT  16.1 C° MANAGEMENT S LONG TERM PERCEPTIDN TIME
o (WEEKS) ) - .
LDDPM,A, 16/ALR. A, 22 A A
LR U100 R LEAVE 'RATE - (STAFF/WEEK) o
o S,L,9/ALR,A,22 e N R
7 NAG@WL . 46.2 C o R S o

. AGOWL,N,46.1 ' ‘ UL R A
'NDBIAS >3471'C BIAS IN RECD NIZING NEED FQR MARKETING:KND"“;‘ 4
. ASSISTANCE (DIM. LESS) P

! ISM A, 34 , S
,',T ENTRY RATE (USERS/WEEK) o o

145 ] . ] CL ) - .,». i;'j‘

. NSER . 41,2.¢ Cooman
:SER[N_QL 1, e '
NSUF- ~ 28.2 C INITIAL START up FUND (DDLLARS)
.- EEC,A,27/DF, N ,28.1 - o .
© NTIME s - o ’ Lo
*° . TIME,N,50.9 . ‘ o ,/
PLTPER 51.3°C = = f S :
PPT -« 14.1 C PGTENTIALEUSERS' PERCEPTION TIME (WEEKS)/’
- DDPP,A, 14 ‘ ' 1

PQ .. 17 “a PEDPENSIT¥ "“TO QUERY (QUERIES/WEEK/USER)
LQR R 2 n N
"PON . 39.3 C ’NQRNAL PROPENSITY TO QUERY (QUERIES/WEEK/
° USER)
" PQ,A,17
PRTPER 51.7 C -
_PTME 11.1 C THIRING TIME (WEEKS)
'HR, R,11/DH,A,21
“pU 8.2 C POTENTIAL: MARKET (USERS) )
EMPER, A, 8
Qo 1l L QUERY BACNLDG (QUERIES)
) 1.1 N
EQAAR,A,4/DIX,A,12/15P,A,33/PLOT, 51, 4/PRINT,51.8
ON 50 5 C INITIAL NO OF 'QUERIES A
- Q,N,1.1 o . "
QPUG 45 A QUARTENLI%PERCENTAGE GROWTH' IN USERS :
PRINT,51.9 - C =




[N
LI )

QR T2 R QUERY RATE. (QUERIES{WEEK) S S D
Qi L, l/AVQR A, 49/PLOT,5l 4/PRINT,51.8 ‘ ot
RECF 29.1¢C Rgcovsax FACTQR (DDLLARS/QUERY)
DIN,R,29/DUT,R, 30 :
REVGL 26.2.C. REVENUE GOAL (QUERIES/WEEK/STAFF)
ECHR,A 26/DUT, R, 30 _ -
REVIX = 48 A REVENUE INDEK (EIM LESS) ’ RN
, ECHRpAizé = o
s v U9 L STARF (STAFF
oo %{?E; 9.1 N
T . LR,R,10/AH,A,20/DH,A, 21/DUT R, BD/IAP A, 36/A5M A, }7/AVS A,
‘ o SD/PLDT 51. .4/PRINT,51.8 :
SAR 40 " L TOTAL NO. OF ANSWERED QUERIES (QUERIES)
. 40,1 N : _ , o
. PRINT,5L.9 = - - j _ , ’ :
U SER A1 L IDTQE~NG;:QF USERS‘LUSERS) R _ .
SRR & 0 S IR . ‘ ’ : N '

. PRINT,51.9 S s
CSNY T 50.6°C INI?IAL“NDi DF‘STAFF
TSN, 9.1 T _ . :
S SPQR S 2 C . STAFF PRDDUETIVITY (QUERIES/WEEK/STAFF)
Wt AR,R,3/1SP,A, 33 ‘ _ _ _
o SRVIX 42. A SERVICE INDEX , : o : o
.- GWR,R,47 ‘ SRR
"STRA:' - 50. 1c 'SMOOTHING TIME -FOR REVENUE ESSEQSMENT
SN o (WEEKS) - -
r\ff oL AVQR A 49/AVS,A,50 o N ST
“T . TPXS  "23.2 T TABLE FOR DXS - .. .t - By T
DXS,A,23 IR SRR e e
TECHR - . 26.1.T- TABLE FOR ECHR,
ECHR,A,26 |- C
‘.-« TEDDER 19.1 T TABLE FDR'EDDER S : o e
R EDDER,A,19 = - | L e
'~ TEDDPQ . 18.1 T TABLE FOR EDDPQ e B
.. . . EDDPQ,A,18 - . .. . . ¢ :
¢ 7, 'TEDDSF ' 24.1 T TABLE FOR EDDSF.
~%. ' EDDSF;A,24 . _ o
5 - TEEC ~ '37.1 T "TABLE FOR EEC o _
- EEC,A,27. . e o
TEMAER  39.1 T TABLE“FOR EMAER R
_ EMAER,A,39 B S
TEMPER 8.1 T 'TABLE FOR EMPER _ 3 o
'EMPER,A, 8 : . : .
TEQAAR - 4.1 T TA ELE FOR EQAAR

 EQAAR,A,4 ‘ i:) e
TIME 50.9 N o o ' - 4 : |
. TOJ . 10.1:C TIME ON JOB (WEEKS) 7 i '
SR ) LRJRElO';V N ; 4 L - ) : o o
TR 6 R TERM&NATIQN‘RATE (USERS/WEEK) .
.~ U,L,5/NER,A,43 . .
TRN" 6.1 ¢ TERMTNATIDN RATE NDRMAL(FRACTIDN/WEEH)
" TR,R,6 _

L]

P
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by

s

. UGN

ON

"5 . L USE
5.1 N

QR R,2/TR,R, S/ER,

| 44,/QPUG, B, 45/P

E 7.1 & USE

ER,R, 7 -

50,7 C 1INt
U,N,5.1 -vﬂt-

L URT -* “13.1. € US

DDPU A,13. ce T
G . 44 A YEARLY PERCEN?AGE GROWTH IN USERS .

PRINT,51.9

- YPU

RS (USERS)

7/EHPER A B/IEM.A 34/ASTND A;BB/YPUG A

LOT, 51.4/PRINT, 51. 8 |
R GRQWTH RATE NORMAL (FRACTIDN/WEEK)' ‘

&

TIAL NO., OF USERS

¥,
.
/ a
.
. .
< ¢
1
; I;l&
’ﬂl B
o
1 sl
&
’ 5
! i
/
B 3
,
4
i
4+
T, o
2 - -
: t <
- L9

RS PERGEPTION TIME (WEEKS) RN
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Concise model listing - .
.. FpS2.DYNAMO T ,
’D0§61 * Isszg g e
00002 NGTE - " - = ., T
.00003 NOTE -~ -« iy R
+.00010, L Q.K=Q, J+(DT)*(QR JKaAR JK) T v
T00011 NUQ=QN - | g B S : .
100020 R QR.KL=U.K¥PQ.K .- : "
100030 R - ;AR.KLSASP,K*SPQR*EQAAR.K
4 00040 A EQAAR.K=TABHL (TEQAAR,Q.K,0,0.02, 0 905)
@00041 T -~ TEQAAR=0/.1/.5/. 9/1 i
00042 C SPQR=10 S _f;&f;;gx_ e
00Q50 L U.K=U. J+(DT)*(ER JK TH JK) L nAal
00051 ‘N U=UN , , -7 ' '
00060 R. TR.KL=U,K*¥TRN." . °
00061 C TRN=0,02 . .. .
00070 .R ER.KL=(U. K)(UGN)(EMAER K)(EDDER K)FEMPER K) :
00071°C: ;UGN=0.0374 ™ . SR
00080 A - EMPER. KETABLE(TEMPER, K/PU 0,1,0. 2)
0008 T TEMPER=1/1.05/}/ 1/1Uﬂ5/ 80/0 15
00082 ¢ PU=2000 - . .
S 00090 L S.K=S.J+(DT) * (HR. JK- -LR. JK)
00091 N S=SN o Y
00100 R LR.KL=S. K/TQJ = '
00101 € TOJ=200 P Cov T
00110 R HR.KL=AH. K/PTME e i S
' 00111 C'PETME 26 7 '4,“ oo
00112 NOTE - -
00113 NOTE DELIVERY DELAY ETC ,
00114 NOTE - : “j Tt g S
00120 A DIX.K=Q.K/AR.JK L - Sl
00130 A  DDPU.K=SMOOTH(DIX.K,UPT) .
00131.C- upr=13 - - '
00140 A DDPP.K= SMDDTH(DDPU K, PPT)
00141 C PPT=26 . "}
00150 A DDPF.K=SMOOTH (DDPU.K, EPT)
00151 C ~ FPT=40 :
00160 A LDDPM.K= Smoafﬁ(nlx K LMPT) PN
00161 C LMPT=26 o , ) L
00162 NOTE o o . o . '
00163 NOTE EFFECTS OF pbp R
00164 NOTE
00170 A PQ.K= EQN*EDDPQ K
00180 A EDDPQ.K=TABLE (TEDDPQ, DDPU. K/DDN 0,3,0. 5) .
00181 T TEDDPQ=1.5/1.25/1/.8/.65/. 57/.5 °
00190 A EDDER.K=TABLE (TEDDER, BDPP.K/DDN, U, 3,0.5)
0Gk91 T TEDDER=1.6/1. 47/1/ 47/.3/.3/.3 T
¢ . .
- :
&
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00192 NOTE

00193 NOTE LONG TERM . EECISIONE
00194 NOTE
00200, A - AH!K=(DH. K*EDDSF . K) -EECHR.K*S5.K
00210 A DH.K=(ALR.K*PTME)+DXS.K*S.K
00220 -A  ALR,K=SMOOTH (LR.JK,LMPT)
00230 A DXS.K=TABLE(TDXS,LDDPM.K/LDDNM,0,3,0. 5)
00231 C 'LDDNM=0.5
00232 T TDXS=-.2/-: 15/@/ 2/. 35/ 45/.5 .
00240 A EDDSF.K= TABHL(TEDDSF DDPF .K/DDN,1,3,0.5)
Y0241 T TEDDSF=1/.75/.50/.40/.35 . -
06250 A . EECHR.K=ECHR.K*EEC.K
00260 A ECHR.K=TABHL (TECHR,REVGL/REVIX. Kﬁl 1.5,0.1)
0. 261 T TECHR=0/.08/.15/. 2@; 23/.25 e
00262 C REVGL=8 r
00270 A" EEC.K=TABHL (TEEC,DF.K/NSUF,0,1,0.25) A
00271 T TEEC=1/.45/.20/.07/0 S .
00280 L 'DF.K=DF.J+(DT)* (DIN.JK-DUT.JK) ‘ L
00281 N DF=NSUF y L =
200282 C “NSUF=15000 LA
00290 R DIN.KL=AR.JK*RECF -
00291 C RECF=10
00300 R DUT.KL=S. K*REVGL*RECF
00301 NOTE o
00302 NOTE ALLOCATION OF STAFF &
00303 NOTE -
00310 A  ASP.K= QMDOTH(DAP K ,ACT)
00311 ACT=2 ‘ , _ . _
. DAP.K=MIN(IAP.K, ISP.K)" R E :
ESPIKEQLK/ ( 'SPQR*DDNM) . a
‘DDNM=0.5
ISM.K=U. K*ANEED*NDBIAS
NDBIAS=1
IFP.K=ISP.K/(ISP. é*xgm K)
IAP.K=IFP.K*S.K %@ ‘ :
ASM.K=S.K-ASP.K : ¢ ‘ e,

0N ‘::ffm PZZZP P DODOD DO P

E B
OTE EFFECT OF MARKETING
OTE
. ASTND.K=U.K*ANEED
A 00381 ANEED=0.001 ’
ot 00390 EMAER. K=TABLE (TEMAER,ASTND.K/ASM.K,0,3,0. 25)
00391 | TEMAER= g/1 55/1.3/1.1/1/.81/.7/. 62/ 56/ 5/.45/.42/.38
00392 C DDN=0.5 |, .
00393 PQON= ogu35 c L
. K
1 t.. !
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00394 Ngfg

00395 ¢t

- " y " j g [
QPP PO E DO Zonzrr

;;;;;

ﬁ@EE BERFORMANCE AND OPERATIONAL MEASURES °
NOTE -7 : e
SAR.K=SAR,J+ (DT) * (AR.JK) b
SAR=NSAR T L "
NSAR=( ' i\
SER.K=SER.J+(DT) * (ER. JK)
SER=NSER S . : e &
'NSER=0 ' ) :
SRVEX. K=EDDER. K*EMAER. K
*NER.K=(ER.JK-TR.JK)

YPUG.K= (SMOOTH (NER.K,52) ) *(5200) /U.K
" QPUG.K= (SMOOTH (NER.K,12).) *(1200) /U.K
AGOWL . K=AGOWL. J+(DT)*(GWR JK)
AGOWL=NAGOWL -

i

NAGOWL=0 ’ , 1 .
GWR.KL=SRVIX.K : .
REVIX.K=AVQR.K/AVS.K - v )

AVQR ., K=SMOOTH (QR.JK, STRA) -
AVS.K= SMQDTH(S K,STRA)

STRA=26" _ ) : o
NDTE : ' ' B
00503 NOTE INITIAL COND: I'TONS. AND CONTROL CARDS a '
00504 NOTE S o L -
. 00505 C  QN=1 . ' o
00506, C  SN=3 ‘ .
00507 'C UN=50." 1 :
00508 C DT=.2
00509 N TIME=NTIME
00511 C NTIME=0
005124€.* LENGTH=0
00513.¢ PLTPER=8 .:
00514 PLOT U=U/Q=Q,0R=0/S=5,ASP= %/ER E Ve .
.00515 PLOT EDDPQ=1, EDDER -2 ,EMAER=3, EMPER= 4(0,2)/ ' \”'"‘
00516 X DXS=X(-1 1)/EECHR c EDDSF= 5(0 1) L
00517 € PRTPER 48 :
00518 PRINT 1 U/E)Q/3)5/4)QR/5 JAR/6)ER ‘

(L0519 PRINT 1) SAR/Z)SER/B)EFCHR/4)EPUG/5 QFUG/S)AGDWL |
00521 RUN A SRR A0
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- IV MDD_ELTESTIQ\IG_ R - R

Judglng Madel Valldlﬁy

" There is: no establlshed norm f@r 3udging model valld;ty, 1{
’d’l Valldlty is a fealtlve matter and ‘depends on the
l purgose. Dne cf the purpcses of the present study
; s; tie model will

#

L,
Aior . Fdr. the c@mparls@n Gf simalatlan results and actu-

,gf aLfbé%aV1ér lt is common tD apply statlgtlcal methods.

961,.pp_ 128 lEB)
-"A madel will be cést in numérical form in éraér that our

magﬂltudés, llmltlng C@ﬂﬂltl@ﬂs, anﬂ prabable c@nsequences.
The numbers that appear in-such a model often do not des '
rive in any analytlcal or statistical way fram sgéglflc
numerlcal data frtﬁxthe Gperating Systan. .

! .., Quantitative validati6h of a.model shauld be done when

“. = ! ‘possible and when the anticipated results are expected to
Ve justify the cost and ‘effort. However, if most of the con-
tent »f a model’ is drawn from nonnumerical sources in the
form . ¢ individual personal knowledge and Verbal and
writteén descriptions, the defense of the model will usually
rest on the same kinds of kndwledge."

1

’ L .55_‘7 : . . B )
In as SESSlﬂq the réali - of . the simulati@n results in

'LhapﬁeL two we used the appr@ach dlScussed by Farre;t—

i

The consequences of Qhéﬂgéq in paramétér leuas must

be tested to get an indication of the se 1t1v1ty of the

~model to such changes..To an extent this form of bensi-:

v y : ' . R . » b

¥

Al e



-paraméters it is not necessary to spend;

obtaining e ‘rical ‘evidence.’

For the model ISS2, f@r'examplé, the usér growth ratevf

- A Slmpllfléd description of IS 2 can illustrate what
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3

’atiVity analysis is done continously. as the model 'is de-

velcped and’the result of these tests is that import-
ant parameters ‘are identified, the values of which W111

have to be verlfled by emplrical ev1dence beiore the®

. S o : N

develépment It was therefcre nezessary ta. flndﬂsgm,"'

emplrlgally based estimate for, Sﬁ‘as ﬂlSEuSEéd on p.” Qf*ﬁf

116. Examples of parameters that do riot affé;t the simu-

lation results in any Slgnlflaant way are the: users” 3
rception time UPT and the patentlai asers™ perception
time PPT. No further attempt was made to find estimates

: s P
. R

of these parameters.

"Thus the modeler may miss a cembination of parameters oy
which will have a dramatic effect qn’ ‘conclusions. This
danger is one disadvantage ¢f similatfon models campared
. to analytic.models. Becausiy,of this limitation, the model-
er must select those parameters for testing which his .
understanding of the system suggests are important, rather P
than try to test mumerous changes in the hopes of ‘finding
"one which will produce an important effect." (Shaffer,
1976, p. 300) ; . :

S
‘parameters are important: the basic activity represent=-

‘-ed-in ISS2 is the processing of queries, and the way

the ISS manages this processing has direct effects on
the rest of the ISS/user/funder system. The parameteré

that have a direct impact on the physical flow of quer-
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ies largely determine the béhavior of Is52. These pa:a—
meters are given in Figure 15 (the definitions of vari-

ables are given on p. 159 ff.).

In addition to pointing,out needed emplrlc 1 evidence,
the sensitivity -analysis can 1dent1fy lmportant deci-
sion variables. Thése variables afe then not amenable
to empirical validation since they represent lele op-
tions. However, by simulating changes in these var1— v
ables it is possib%ekﬁcﬁéeﬁ g_bas;s for pol;cy:aﬁalygis

for. the system. = 4. co SRR - e

‘The focus in the present study is

sion making and therefore we have
- havior on the part of the funder.

‘not regarded the parameters that det%rmlne sltaff,
possible de%;slan var;ables, althoqgh ‘they have a sigplﬁ

ficant impaét on the simulation results. The number of

i -

~users, U, is the priméﬁ?'determin;nt of the query rate _ .
and the parameters that iﬁf1u8ﬂﬂé“U7§£é‘pOSSiblé dégiﬁ

sion variables. The results of the te¥ of these para- ,
meters are given in the discussion’in Chapter two (p.

84 ff.) wherejalso the ;mplicatiahé for managerial de-

cision making are given. ‘ 1

Model Runs Discussed in Chapter Two

The figures in Chapter two were produced by gunning the

model ISS2 with parameter values according to the fol-
lowing: ., !
Figures ll-a and ll=-b length -240
Figure 12 " length=240, ndbias=2

EX

~Figure 13 ' | length:246i tedder=
o o 1.5/1.3/1/.8/.6/.4/.3 4



NDBIAS ~=-» EMAER | |
£ PU == *EMPER | e -
EDDER '

VBN -ﬁﬁpu——

PN

| Querg backlog

_._5 4——BECHR
- EDDSF
DXS

mu

Figure 15
The flow of queries in ISS2.

‘ Thé*éiSCQSSién of manageridl decision making in Chapter

i ’ two is based.on the results of the following simulations
with the final wersion of the model (the ‘length of all
runs is 240): | %v» ‘ |

SN=1 and NSUF=5000 )
SN=2 and NSUF=10000
 SN=2.5 and NSUF=12500
/SN=4' ard NSUF=20000 '
. SN=10 and NSUF=10000
o i NDBIAS=2 i
. NDBIAS=0.5 | oy

YL NDBIAS=0.8

P & ‘, TE’IDEEF=l/l/l/l/l and TECHR=0/0,/0,/0,/0,/0
T ek

ACT=24

A(?I;‘“S:‘,»




TEDDER=1. 6/1.25/1/.7/.47.38/ .3
TEDDER=1.5/1.3/1/.8/.6/.4/.3

- . TEDDPQ=1.25/1.1/1/.92/.85/.80/.75
TEDDPQ=1.75/1.55/1/.7/ .55/ 5/ .5

: TE?BE%E.15/1,,4/1/.94/,851_84/.827

 TEDRPO=2.15/1.4/1/.65/.45/.25/.15
TEDDPQ=2.5/1.56/1/.94/ .88/ .84/,82
PON=0.02

PU=3000
PU=7000

1y
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CHAPTER FOUR

AN EXPLANATION OF THE COMING STAGNATION
OF INFORMATION SEARCH SERVICES*

. ; o
+Qr1g1nally publlshed in On-line Rev1ew v. 1L\ n. 2 (1977)
pp. 109-116. Reprinted by permission. , ,

-

£
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An explanatlon of the
eommg stagnation of
3 ~ mformat:on search serv:ces o
Aé\ . N
N Mats G. Lmdqulst
' Keywords: Information search .ssrmce: Systems gnﬁlym, Simulation smdze;,( R
: Svstem dynamics . :
Abstract: Analyses of the on-line search market have bg:n subject ta several
serious misconceptions concerning the service rstaﬂers, i.e. the information .
* search services (ISS). One of the consequences of this'is that the ISS growth
we potential has been overestimated. The paper points out that, even if there is an
IR overall growth in on-line searching, the individual ISSs will typically show a-
) . stagnation after just over two years. Sinée the average operative agé of an 188
- - is about two years, it is possible that even the aggregate growth in the next few
years will be'less than the present. This d:f.:lms in growth rate is m:t mewtablg
N but likely. . -
f‘fés*"
1 lntluductlﬁn : and there isino indication that the growth
Infgrmation related activities are becom-  will slow ddv@“ the near future?.
ing ificreasingly important in our society, The overa annugj growth rate in the
which, seems to be becoming fundamentally  information  services market, f.e. the pro-
informagion based!. In particular, the pro-  vision of search capabilities and data bases,
duction, \Jistribution and consumption of  has been estimated .at 30%* with a projec-
. scientific ar'd teghnological information have tion of even hxghcf -growth in the future. On-
experienced an accelerated rate of growth;- line searching, a éme has grown dramatically; .
‘ the volume of searches performed on the
Lockheed system in‘1973 was 20 times the
— — — 1970 figure, and in 1975 there were 150
Paper OLR8. The author is with the Alfred P.  timés as many searches as in 1970%. The
Sloan School of Management, Massachusetts  structure .of the market for information
Instituge of Technology,” Cambridge, Mass. ' search services, in terms of suppliers and
. 02139, USA , . distributors, also seemns to have been stabil-
Received February 1977, ized around 197374,
Research sponsored by grant 75-2030S from  Together. these developments could he
the Swedish Council for Scientific Informa- ~ the basis fof expectations of growth for
tion and Documentation (SINFDOK),  information search services, i.e. the informa-
, 2 Stockholm. . ' ) tion retailers whose customers are the end

) L/5 ‘ -
Q .

ERIC - |
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LAY
2 -

F

\visieiisesr OUT SOCIOLY ............ 500Ms to have changed -
into a fundamentally information-based one.’ |

_ users .of .the information. They are in a -
- market where the only trénd is growth.

There is, however, something else that has
to be taken into account, namely the lack of
established knowledge of the ISS users and

- the market, a problem that was identified

and emphasized in a 1974 study of résearch

needs related to’ ‘technical and scientific

information®. 7
2 Misconceptions regarding opera-
tional ISS ,
The insufficient knowledge about ISSs
and their markets has led to some serious

misconceptions - which in some ways have .

hindered both proper learning and growth of
operative [5Ss. The most important miscon-
ceptions are discussed in the following

Sections.

2.1 Age of 1SS B

The length of time a typical ISS has been
opérational is often overestimated. It is true
that most search systems have been available

singe 1969-70, and a few even longer?, but

Ymust not be confused with. the availa-

‘ S&hﬁf of the retailing search service. Of all

the IS8s participating in the SDC impact
study?®, about 44% had had access to the on-
line systems for one year gr Jess, and another
44% between one and three years. Con-

sidering, in addition, that the first year's »

operation is often less effective owing to

in its infancy. '

’ £ B ’
substantial organizational adjustment efforts, '

* we 'must concludecthat 1SS operation is still

2.2 Staff productivity ‘

The number of searches a person can
perform..is- often overestimated, which is
particularly serious if the sponsor of the ISS-

bases his staffing decision on this estimate.

The reason for the.overestimation could be
that there is a bias in the answers from
searchers regarding search time per query,
since a sh}:rt search time would make com-
puterized literature searches look more cost-
effective. Survey answers might then be
more ideal than real, meaning that the in-
dicated search time does not include a
reasonable overhead time. In an operational

" environment, overhead time is significant

and includes administration, system break-
downs, scheduling delays, and other dis-
turbances. The direct search time seems to
vary greatly depending on the philgsophy of
the ISS: some services spend relati‘]y little
staff time per search, whereas others spend a
great deal. One hour seems to be a typical
search time, which is indicaigd by the SBC
study®; but the very short time at the
termimat(fitean value- 19.1 minutes; median
value 15.3 mirfutes) reveals that the search
requestsymust be of a relatively simple kind.

The corresponding time for the NASIC

“rvrreren. WO MUst conclude that 1SS operation

is still in.its infancy.’

A
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‘The reliance aﬁﬁinzstitiltiaﬁal funds or grants ,{

. limits the papulatlan of ‘potential users more
‘ severely than IS‘ cammonly acknowledged

S ~

'

service at MIT is almost double (mean value *

37 minutes)!©, and another ISS operating in
: -umversity aﬁd sesearch ‘environment, the
~ Royal Institute of Technology IDC, gives an
average search time of 2.9 hours!!. The con-
clusion from this discussion is that, for .an
ISS operating in a resegreh environment and
dealing with rglﬂlvglj feamplex search _re-
. quests; the number: of searches per staff per
" week must be less than 20, and that a feasible
“~“long-run average is about 10,

2.3 Applicaﬁbﬁiity of pricing policies .«

Considerable effort has been spent orni-

 discussions of 1SS pricing policies. It is clear ., *
that price has some effect on the number of |

incoming search’ requests, but I$Ss do not
operate in a normal market cconomy. Until

“the cost for searching has come down to

10% or maybe 20% of today’s cost, we
cannot expect the end user to pay for the
service ‘outyof his own pocket. The reliance

on instititional funds or grants limits the

- T .
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W ?.-are in a pas:tlon where we do not hav'e as

v o

muz:h expanence as we think.’

'

1

population of potential users more sgverely ’ E’i'[
ng growth. It is

than is commonly acknowledged. ;

2.4 Basis for systemanalysis

~ The' applications of various system
analysis techniques to aspects of ISS opera-
tion” have been -legioni, but in general too
little emphasis has been put.on factors qut-

side the 1SS itself. In most [SS models, the

épresentatmn of the ulers and their influence

too simplified. The most serious omission, .

however, is that of the influence. of the

" sponsoring unit’s actions!2, An IS5 model

for managerial decision making must take
into ‘account the effects of-both the use\k
and the sponsor’s actions.” o ok
Frankly, we are in a position where we do
not have as much experience as we think, we
are less efficient than we like to think, our
market is smaller than we think, and we do

¢ not take into account all the nécessary
\ factars when we analyze our problems.

3. Analysis of 1SS growth _
To get an idea of the future growth of
individual 18Ss, it is not sufficient to extra-

polate trends, but it is necessary to make a _

wa\

| >
vieiiie..... Stagnation‘is ......
a consequence of the acﬁvity in the system.’

®

the factors detarm-
st nEcessary to avoid
misconceptions amd omissions “of important
influences. Fmal]y, it must be realized that
what will happen_ to an individual ISS is not
necessarily g*scaledidown equivalent of what
will happen- in the  information search
industry as a-whole; xlhE service supphgrs and

more thorough study

the search S@ILES do different kinds of .

business.

By Lm:km§ at- the l -questm‘n fmm
the v1gwpo Df iy BS, Wé“can\
cgmstru I be a moré
rglevant "bas ; ' d, b'y ‘écm;

“\The simulation- mudel 18%
such” an aquuate basis for 3
where  I1SSs "are heading. -
-'system dynamics type!® an
major feedback loops that affect the growth,
in tern;l, of number of users,-of g typical 158

liscussion of

in an gcademic environment. The results of
the system analysis and simulation runs with .
the riodel ‘show that the hypothesized refer-
ence behavior (see Fig.. 1)is indeed fully
explainable with the variables chosen and is
a consequence of the structure of the

system, which mcludes both the users and

the sponsor. .

A pzedmtmn of stagnation- for operative
units in a market characterized by aggregate
growth requires an' explanatidn. The basic

= : /

... NOL @ Mystery but

B

2*‘3 p_mvn,dc’:s. '

He /model is of
iaTudes all the "
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. 'The dec/me in I.S‘S growth rate is llke/y but we
&
rmght ask wheth&r or, ﬁat itis mewtable
. A ' Y
¥ = ‘ * 4 " ’ K
‘ i i/«qf g
. ' * - Projection 1
Number { b e Proiection 2
of users 7 whrolechion 2 o
Actual ;_1 Fig. T Typical -
*development of the
< _ . numbper
! ' of usgrs of an ISS -+
' . AP ;?: 3 | _ . ~
* -2yrs Time
. ) Y "y .
* mechanism can_he described by threa causal ever, the typical sponsor wants to bé sure of
_ loops (Fig. 2). an cstablished need for more resources
* Loop 1 is typical for must business and  before he grants expausion (willing risk
. service activities; as l;ﬁr?;\ss volume goes up,  capital is indeed rare), but, by the time the
expansion is necded and more resources  need is established, there is already con-
acquired - which can make it possible to  gestion, which also hmden expansion (loop
handle more- business.” Loop 2 is the. cun 3). One reason for the lutfer cffect is that
gestion loop. As business volume goes up, the ‘excess’ number of users reduces the
the fact that queues. develop makes the throughput, sirice the 1SS staff is forced to
service less attractive and discourages spend time on user assistance, which will
v business. ISSs easily become congested, and  lower the n:venue/c.mt ratio and activate - -
at least part of the reason for this is a focus  econamic concern on the part of the sponsor.
on search requests instead of users: capacity Fig. 3 shows the result of the computer
planning is done on basis of ‘how many sxmulatmn m 1852,
Questions can we answer?’ rather than ‘how .
' many users can we serve?’ The point is that - _
, accepting a user should be a long term com- e s
. mitment. Until it is seen as such, we cansay 4 Implicatigns of the aﬂa'YS'S‘
- that too ‘many users are admltted to the The simulation results will not be dis-
A, service. This, of course,” would not be the  cussed in detail here. but their implications
case if the sponsor would expand the will be explored. They meah that the ‘two
resources for the 1SS quickly enough. How- " years plus”.stagnation is not a mystery but g .
<7 J;“_‘«TA%EQS i
7 T
£ Y,: \Ix 4
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consequence of the activity in the system.

S0 stagnation should not be unexpected,

and, when it occurs, it does not neceésarily
mean that the market is penetrated.

It is interesting to note that a similar stag-
nation was typical for SDI services. For
these, stagnation did not occur until after
about four years, a difference which could
be a result of a larger market for the typi-

cal mpjor service, and probably systemic

CONGESTION BUSINESS
: : VOLUME

2

differcnces between SDI and ISS services as
well. .

The reference run of the simulation
model shows rapid initial growthi. In about
the second year, the annual growth rate is
approximately 30%, and after that it de-
clines to between 10% and 12%. The growth
in search requests (queries) is slightly higher
but follows the same pattern as the number
of users. The estimated aggregate growth
rate for thé@f‘armatiﬂn search industry of

4 e

) .1“‘;-‘#\"[ .
EXPANSION

30% (see Introduction) is consistent with the

simulation results, since the average age of
existing ISSs is just over two years, In esti-
mations- of a likely ISS growth rate in the
near future, the implication is that the
typical ISS will stagnate but the annual
“average growth rate ‘will stabilize sSomewhere
around 10-12%.

The decline in 185 growth rate is likely,
but we.might ask whether or not it is inevit-

a0

Fig. 2 The Basic mechanism -

for ISS growth

EpT

-RESOURCES

able. In principle it is not, for there are ways

to influence the development and achieve a

higher growth rate until market saturation is
reached. Since problems well stated are half
solved, we can look at the previous Explan
ation ‘for guideMnes towards solutions. If the
negative effects of congestion could be miti-
gated, higher growth would be achieved.
Such’ an effect could be achieved either by a
;hange in the link between congestion and
business volume,.or the link between con-

Comglex systems are typ/c:ally IﬂSéﬁSll‘lve to

‘ p@/lc: y changes."

y
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gestion and expansion. Simulation runs with
ISS2 verify this conclusion. Fhe .real-life
meaning of these changes is grestgr tolerance
to long response time on the part of users;

: and greater understanding and willingness to

invest on the part of the funder, respectively.
There is an irrational feature of complex
systems that make these possible higher.

it seems that such systems can seldom be:

riade to exhibit a different behavior mmde
At the same time, hc:wey Lcmplex systt:ms
can show. great ensitivity
changes in key parameters;

nr ‘an le @ne

key parameter is the spm'wf 3 willingness to -
. -invest, but current trends. tawards increased
S % ECONOMIC concernté daﬁ mﬂ

gruwth rates less likely. Complex: systéms 7@ hope,

. even: smoall

ourage. .

aro, typlcally,lnsensitw&tn pchcy changes!®; " . A different PDSSlhlllty for develapment& -
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8 Summary
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in this paper canBe summarized as follows,
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I185.in a research ofientgq environment, Is -
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years plus” stagnation 4nd, following that, a i
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slower ghowth of about 10-12% annually.
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" a stugnation in the coming years for tHe -
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